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ABSTRACT 


Hypophysectomy in man usually results in suppression of thyroid function 
within two to four weeks. From a large series of patients hypophysectomized 
for metastatic mammary carcinoma, 10 who remained euthyroid were studied 
in detail. Three of them had a previous history of thyroid dysfunction, but were 
euthyroid at the time of operation. Serum protein-bound iodine levels and 
thyroidal radioiodine (I'*!) uptakes have remained normal up to two and a half 
years following surgery. In 8 of these patients, triiodothyronine suppression 
tests were performed; thyroid function was not significantly inhibited. Com- 
pleteness of hypophysectomy was established at autopsy in 4 patients and by 
re-exploration in 2. Available autopsy data on 5 of the 7 patients who died re- 
vealed adenomas in 3 and a normal thyroid gland in 2. The data presented 
suggest that in some instances the thyroid gland may continue to function in 
the absence of the pituitary. 
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OLLOWING hypophysectomy in man, thyroid function is usually 

suppressed, resulting in the development of myxedema. Li et al. (1) 
showed that the thyroidal I'*' uptake fell to below 10 per cent of the dose 
and the serum protein-bound iodine (PBI) level fell to below 2 ug. per 100 
ml. within two to four weeks following surgical removal of the pituitary. 
Clinical manifestations of hypothyroidism usually appeared within two 
to four months after surgery. Failure to obtain suppression of thyroid 
function has been considered presumptive evidence of incomplete removal 
of the pituitary. It is the purpose of this report to discuss 10 patients who 
remained euthyroid following total or nearly total hypophysectomy per- 
formed in a series of over 350 cases of metastatic mammary cancer. 


METHODS AND MATERIAL 


Serum PBI concentration was measured in duplicate by the method of Bodansky 
et al. (2); the normal range in this laboratory is 3.6 to 8.8 wg. per 100 ml. Thyroidal I'*" 
uptake was measured at twenty-four hours following administration of 10 to 50 micro- 
curies of I'*! by mouth, using a scintillation counter. Scintigrams of the thyroid gland 
were obtained in some patients by means of a Reed-Curtis scintiscanner. Triiodothyro- 
nine (T;) suppression tests (3) were performed in 7 of the 10 patients. A dose of 75 ug. of 
T; was fractionally administered daily for seven days. Thyroidal I uptakes and/or 
serum PBI levels were obtained before, and at the end of, the seven-day period of T3. 
Thyroid-stimulating hormone (TSH) (Thytropar, Armour) was given to 4 patients intra- 
muscularly in a dosage of 5 units every twelve hours for a total of six doses. Thyroidal 
I'3! uptakes and scintigrams were obtained before, and immediately after, the administra- 
tion of TSH. In the autopsy cases, serial sections of the sella turcica were made. When 
anterior pituitary fragments were found, an estimate was made of the percentage of the 
gland remaining, assuming an anterior pituitary volume of 0.5 ml. 

The 10 patients studied were women who had undergone surgical hypophysectomy 
(4) for the palliation of metastatic mammary carcinoma. Four of these women (M.M., 
A.S., B.R. and M.S.) obtained objective remission of the mammary cancer following 
hypophysectomy, but 6 failed to respond. All patients were considered to be euthyroid 
by physical examination prior to hypophysectomy, and none received thyroid replace- 
ment therapy after surgery. Patient E.W. had undergone subtotal thyroidectomy for 
Graves’ disease twenty-five years before hypophysectomy. Two years before hypophy- 
sectomy she had received 10.5 millicuries of I"*! for treatment of recurrent thyrotoxicosis. 
Just prior to hypophysectomy, thyroid function studies were consistent with a euthyroid 
status (Table 1); the thyroid gland was not enlarged to palpation. Two other patients 
(J.E. and M.S.) also had a history of subtotal thyroidectomy more than twenty-five 
years before hypophysectomy. The nature of the thyroid disorders was not known, but 
both patients were thought to be euthyroid clinically and by laboratory measurements 
prior to removal of the pituitary. In Patient J.E., an enlarged left lobe of the thyroid 
could be palpated; it extended below the sternum and was large enough to cause devia- 
tion of the trachea (demonstrated by roentgenogram), but the patient was asympto- 
matic. In Patient M.S., no thyroid enlargement could be palpated. In the other 7 
patients no history of thyreid disorder was obtained, and the thyroid glands were normal 
on physical examination. 
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RESULTS 


In Table 1 are listed the serum PBI and thyroidal I'** uptake values be- 
fore and after hypophysectomy. The prehypophysectomy values, though 
incomplete, were normal with the exception of the serum PBI level in 
Patient T.P. The serum concentration of total iodine in this patient was 
15.4 wg. per 100 ml., indicating that iodide did not contaminate the PBI. 
No history of organic iodide administration was obtained. Subsequent 
thyroidal I'*! uptake levels and the concentration of PBI'*! were within 
normal limits, and the patient appeared euthyroid. Thus, the cause for 
the elevated serum PBI level remains unexplained. 

After hypophysectomy, the serum PBI and thyroidal I'** uptake values 
changed only slightly and no clinical manifestations of myxedema ap- 
peared after periods ranging up to two and a half years. Because of the 
persistent thyroid function, re-exploration of the sella turcica was carried 
out in 2 patients (E.W. and M.A.), on the assumption that hypophysec- 
tomy was incomplete. Careful curettage of the sella failed to reveal any 
pituitary remnants. Cauterization of the sella turcica by irrigation with 
Zenker’s solution was again performed. Nevertheless, thyroidal function 
persisted postoperatively. Urinary gonadotropin was unmeasurable in all 
of the patients after hypophysectomy. In Patient E.W., the final thyroidal 
I’! uptake of 13.2 per cent was obtained when she was critically ill, which 
may have contributed to the decline in this value. 

Table 2 presents the results of the T; suppression test in 7 patients, and 
of the TSH stimulation test in 4 patients. In 4 of the 7 patients given T;, 
there was a slight decrease in thyroidal I'*' uptake, though much less than 
is observed in normal subjects (3). In one other patient (E.W.) whose 
data are not shown in Table 2, the serum PBI level showed no significant 
change after administration of T;. Following administration of TSH, a 
significant increase in thyroidal I'*! uptake was observed in the 4 patients 
studied. 

Scintigrams of the thyroid gland in 3 patients (A.S., F.R. and M.A.) 
revealed an uneven distribution of I’. After administration of TSH, the 
scintigrams showed a more symmetrical distribution of I'*! in the thyroids 
of 2 patients. Before TSH was administered in Patient M.A. there was 
virtually no uptake of I'*! in the right lobe of the thyroid, whereas after 
TSH the distribution of I'*' was approximately symmetrical. In Patient 
R.M., scintigrams showed a symmetrical distribution of I'*! both before 
and after administration of TSH. 

In Patients M.A. and F.R., a dose of 1 to 2 millicuries of I'*! was ad- 
ministered shortly before death. Direct counting over the thyroid tissue 
revealed two to five times more radioactivity in portions of the gland 


| 


= ‘somg | O'F 
3 | ‘sourtT | | ‘sourg £8 8¢ 
“soul 
We" 
JO | -oasAydodAy 10338 “1A [ pot “soul Z 0° ‘soulz O° 
[a=] JO | 4Jo] Z “IM | -AydodAy ‘soul g | ‘our tT 
“sour 
= Auroyoes | “sour IZ 
Asdoyne oN, -AydodAy 10438 potq ‘oul T 
Jo suoT}0es | pus | -AYdodAY “SIA FT | ‘sourg “soul ¢ ae 
¢T) “soul OT 0° “soul 
IAT 
| | | ‘sourg | L°% OL 
§Z PUB BULATT “soul §Z 6° 
| Tee | vo | | ov 
mM JO | CT) OF “3M | -AydodAyY “SIA §Z | | ‘souz | 
soul | 
< “soul ¢ our 
Ay 
Areymytd (esop %) (yur (280p 7%) (ya 
[BAsoqur | eyegdn | | | | OOT/*S”) 
SONIGNIA ASCOLAY “ANOLOASAHdOdAH WALAV GNV SAMVIdNA TVGIOHUAHL GNV [Gd ATAV YE, *. 


1054 


“4 


August, 1960 THYROID FUNCTION AFTER HYPOPHYSECTOMY 1055 


which grossly appeared to be adenomatous. Autoradiographs demonstrated 
a considerable amount of radioactivity in the adenomatous tissue as 
compared to the surrounding thyroid tissue. 

In Table 1 the available postmortem findings in 5 of the 7 patients who 
died are summarized. Three of the 5 thyroid glands contained readily 
recognizable single or multiple adenomata; the other 2 glands appeared 
normal grossly and microscopically. Serial sections of the sella turcica 
were obtained in 3 patients; minute remnants of anterior pituitary tissue 
were found in each case. In a fourth patient, the contents of the sella 


TABLE 2. Errect oF T; AND TSH ON THYROIDAL ['*! UpTAKE AFTER HYPOPHYSECTOMY 


Thyroidal I'*' uptake (% of dose) 
Patients After Ts After TSH 
No treatment (75 wg./day) (10 units/day) 
AS. 18.4 13.1 47.2 
M.A. 35.7 97.5 47.4 
F.R. 42.0 42.8 61.3 
R.M. 15.5 11.4 31.2 
J.E. 32.0 27.2 
M.S. 13.4 13.0 ba 
T.P. 41.6 40.0 


* TSH stimulation test not performed. 


turcica were removed and sectioned, but no recognizable pituitary tissue 
was found. 
DISCUSSION 


The persistent. thyroid function after hypophysectomy in the 10 pa- 
tients described suggests that under certain circumstances the thyroid 
may function in the absence of TSH. In 4 patients there was evidence of 
functioning adenomas of the thyroid. Scintigrams obtained before the 
administration of TSH indicated that the function of the nonadenomatous 
thyroid was suppressed, and that this tissue responded with increased 
uptake after administration of TSH. It could not be determined from these 
studies whether the adenomatous tissue responded to the exogenous TSH. 
One patient with a previous history of thyrotoxicosis remained euthyroid 
after apparently complete hypophysectomy. Three patients appeared to 
have had normal thyroid glands. Postmortem examination of the thyroids 
in 2 of them revealed normal structure, both grossly and microscopically. 
Dr. Brown M. Dobyns reviewed the thyroid sections in these 2 cases. In 
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one of the thyroids he observed small areas of very tall cells, indicating 
that there may have been localized areas of hyperfunctioning cells; how- 
ever, the rest of the thyroid appeared normal and not atrophic. 

Completeness of hypophysectomy was assessed in 4 cases at necropsy. 
In 1 case, sections of the contents of the sella turcica failed to reveal any 
residual pituitary tissue. Serial sections of the sella turcica in 3 cases 
showed apparently insignificant remnants of anterior pituitary tissue in 2, 
and a residual of approximately 3 per cent in 1 patient. In 2 other patients 
who were re-explored, no residual pituitary tissue was found. Urinary 
gonadotropin excretion was unmeasurable in all patients after hypophysec- 
tomy. Adrenal function was not specifically assessed, but all patients were 
maintained with replacement doses of cortisone. The possibility that 
accessory anterior pituitary tissue may have been present and producing 
TSH cannot be eliminated. However, we have observed patients with per- 
sistent thyroid function after incomplete hypophysectomy in whom ad- 
ministration of T; induced marked suppression of thyroidal I uptake 
and serum PBI concentration. In 8 of the 10 patients reported here, ad- 
ministration of T; failed to induce a significant change in these parameters 
of thyroid function. It would appear reasonable to assume that the 
secretion of TSH was minimal or nil in these patients. 

Gurling et al. (5) reported 2 similar patients in whom persistent thyroid 
function after hypophysectomy was apparently related to adenomas in 
the thyroid gland. One patient remained euthyroid for one year after sur- 
gical hypophysectomy, and thyroidal I'*' uptake appeared to be confined 
to the adenoma. When TSH was administered, thyroidal I'** uptake was 
significantly increased, and the response appeared to be greater in the 
“dormant parenchyma” than in the adenoma. In their second patient 
hyperthyroidism developed eleven months after hypophysectomy, asso- 
ciated with an enlarging nodule in the right lobe of the thyroid gland. They 
found that the nodule collected I'*! avidly, whereas the remainder of the 
gland did not. 

Albeaux-Fernet et al. (6) reported the effects of surgical hypophysec- 
tomy in a patient with Graves’ disease and malignant exophthalmos. Two 
months after surgery there appeared to be amelioration of the hyper- 
thyroidism and exophthalmos, and the serum PBI level was within the 
euthyroid range. Becker (7) described the effects of surgical hypophysec- 
tomy in 2 patients with Graves’ disease. In both of these patients, per- 
sistent thyroid function was in the euthyroid or hyperthyroid range after 
hypophysectomy. Fajans (8) observed a patient with Sheehan’s syndrome 
in whom hyperthyroidism developed; his studies indicated that little, if 
any, functioning anterior pituitary tissue remained, and assay of the pa- 
tient’s serum revealed no demonstrable TSH activity (by a method which 
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presumably would detect TSH only if the levels were elevated above nor- 
mal). Werner and Stewart (9) observed a patient with hyperthyroidism 
associated with a pituitary chromophobe adenoma and a fragment of 
. normal pituitary; the possibility of excessive production of TSH by the 
pituitary in this patient was not ruled out. McCullagh et al. (10) reported 
their results with pituitary-stalk section, with or without partial destruc- 
tion of the anterior pituitary in patients with Graves’ disease. Although 
gradual amelioration of the Graves’ disease and hypopituitarism occurred 
in 2 of their patients, the degree of pituitary suppression could not be com- 
pletely assessed. We (Pearson, O. H. and Ray, B. 8., unpublished data) 
have observed the effects of pituitary-stalk section with insertion of a 
polyethylene plate in 2 euthyroid patients with metastatic cancer. Al- 
though there was a temporary suppression of thyroid function following 
this operation, after several months thyroid function had returned to 
normal, as measured by serum PBI concentration, thyroidal I'*' uptake 
and a euthyroid clinical status. Administration of T; to these patients 
induced prompt suppression of thyroidal I'*' uptake and lowered the 
serum PBI level; these parameters returned to normal when the T; was 
discontinued. It wonae appear that pituitary-stalk section may not induce 
complete suppression of TSH secretion. 

The ability of adenomas of the thyroid gland to elaborate thyroid 
hormone in the absence of TSH would not be unique, since some tumors of 
other endocrine glands may function independently of their tropic hor- 
’ mone. Persistent thyroid function after hypophysectomy in patients with 
a previous history of Graves’ disease indicates that these thyroid glands 
have, at least partially, lost their dependence upon TSH for production of 
thyroid hormone. There appeared to be some suppression of thyroid 
function after hypophysectomy in our Patient M.S., as indicated by the 
decline in serum PBI concentration. Aibenun detect. et al. (6) and Becker 
(7) noted some decline in thyroid function after hypophysectomy in their 
patients with Graves’ disease. Administration of TSH to patients with 
Graves’ disease will induce increased function of the thyroid (11). To our 
knowledge, histologic examination of the thyroid glands of patients with 
Graves’ disease after hypophysectomy has not been performed. In Fajans’ 
(8) patient, the thyroid gland showed advanced atrophy with only small 
focal areas of hyperplasia. These observations do not eliminate the possi- 
bility that Graves’ disease may, in some instances, be due to excessive 
secretion of TSH. Bottari (12) recently reported the serum TSH assays in 
45 patients with hyperthyroidism. In 9 patients the TSH levels were 
normal, whereas in 36 patients the levels were elevated, sometimes to very 
high values. 

Persistent thyroid function after hypophysectomy in patients whose 
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thyroid glands appear normal histologically suggests that autonomous 
function is not necessarily associated with recognizable alterations in 
the microscopic appearance of the thyroid epithelium. 


12. 
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STUDIES ON THE BIOLOGIC CHARACTERIZATION 
OF HUMAN GONADOTROPINS. V. COMPARISON 
WITH SHEEP LUTEINIZING HORMONE* 


A. ALBERT, M.D. anp IONE DERNER 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota 


ABSTRACT 


Seven assays were carried out for sheep luteinizing hormone (LH) by the 
method of simultaneous response of the ovary and uterus in the intact imma- 
ture rat. The parameters of these assays were then compared with similar con- 
stants derived from assays for human pituitary gonadotropin (HPG) of 
urine. The shapes of the dose-response curves for LH were greatly different 
from those for HPG. The response to LH is biphasic, consisting of a small in- 
crement in growth of both ovary and uterus, followed by a plateau, after which 
another increment in ovarian and uterine growth occurs. The response to HPG 
of both ovary and uterus is a linear function of the log of the dose. LH also is 
less effective than HPG in inducing estrogenic secretion in this assay system. 
It was concluded that HPG, although it possesses the biologic properties of 
LH in addition to its follicle-stimulating properties, is totally dissimilar to 
purified LH in this assay system. 


HREE previous studies (1-3) have shown that human pituitary 

gonadotropin (HPG) of urine has certain distinguishing characteris- 
tics when assayed in intact rats by the simultaneous response of the uterus 
and ovary to a series of doses separated by small intervals. The parameters 
of the dose-response curves were the same for the HPG in urine from post- 
menopausal or from castrated women prepared by either the kaolin-acetone 
or the ultrafiltration method. The parameters were also the same for one 
lot of HPG prepared from the urine of men by the kaolin-acetone method 
and purified by precipitation with alcohol. 

The biologic nature of HPG is still uncertain. Some investigators re- 
gard urinary HPG as the follicle-stimulating hormone (FSH), whereas 
others consider it as a mixture of FSH and luteinizing hormone (LH) and 
still others regard it as a single molecule with properties of both FSH 
and LH. 
® To obtain some indirect evidence pertinent to the foregoing theories, 
we have devised a simple system to express the response (simultaneous re- 
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sponse of ovaries and uterus) to HPG or to any gonadotropin in absolute 
coordinates. Such a plot becomes a “fingerprint” of the gonadotropin con- 
cerned, and some of the characteristics of this “fingerprint” can be ex- 
pressed further in quantitative terms, such as slopes, dose-ratios and 
asymptotic values. The “fingerprint” of urinary HPG, as stated, is the 
same to date regardless of its source or the method of its preparation. A 
test of the validity of comparing various gonadotropins in this manner was 
carried out by using human chorionic gonadotropin (HCG), which is 
generally regarded as a gonadotropin that differs biologically and chem- 
ically from HPG. The “fingerprints” of HPG and HCG proved to be 
greatly different (2). 

With this assurance, we tested the first of the aforementioned three 
possibilities by comparing the ‘‘fingerprint” of HPG with that of purified 
FSH. It was shown rather conclusively that HPG was not FSH; therefore, 
the first of the three theories is untenable (3). The present report is an 
extension of these studies to purified LH as a preliminary step to examine 
the second hypothesis, namely, that HPG is a mixture of FSH and LH. 


MATERIALS AND METHODS 


Two preparations of sheep LH kindly were supplied by Drs. A. Wilhelmi 
and §. Ellis, Emory University School of Medicine, Emory University, 
Georgia. The assay system employed already has been described. (1-3). 


RESULTS 


Four assays were performed with the first preparation of LH (XIII- 
16-3). Figure 1 shows a 9-dose assay in which an apparently linear response 
of the ovary occurred as a function of the log of the dose. The uterine re- 
sponse, however, did not fit well as a linear function of the log of the dose. 
When the points were connected visually, the response appeared to be bi- 
phasic, with a plateau between two components (A and B) of the dose- 
response curve. Consequently, the assay was repeated with larger doses 
(Fig. 2). The ovarian curve now appeared to consist of two components 
(A’ and B’) with an intervening plateau, as did the uterine response. 
Figure 3 does not show the response as well as Figure 2, but a 10-dose 
assay with larger doses (Fig. 4) leaves little doubt as to the biphasic shape 
of the dose-response curve of LH for both ovary and uterus. Because of 
the unique nature of the response and the difficulty in fitting the points, 
another preparation of LH (XIII-87-1) was obtained. Three assays with 
this preparation show clearly the type of diphasic response for both ovary 
and uterus when the response is plotted on a semilogarithmic scale (Figs. 


5-7). 
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COMMENT 


In order to compare LH with HPG, it was necessary to express the dose- 
response curve in absolute coordinates. Table 1 shows the slopes of the 
lower and upper limbs for the response of the ovary and uterus. The mean 
values for the slopes of A’ and B’ of the ovarian curve were 41 and 92, re- 
spectively; values of 71 and 68, respectively (A and B), were obtained for 
the uterine response. Apart from the obvious difference in the shapes of 


TaBLE 1. PARAMETERS OF THE ASSAY OF LH 


Ovary Uterus 
Preparation - D ose ratio, 
and assay A’ B’ A B irepmnei 
number 
b b b b ANJA 
(XIII-16-3) 
1 21 0.30 oe aa 50 0.16 36 0.36 1.3 
2 44 0.11 G7 0.16 58 0.07 63 0.14 1.5 
3 14 0.43 60 0.19 
4 33 0.21 97 0.13 48 0.13 78 0.10 t-3 
(XITI-87-1) 
1 46 0.09 | 113 0.04 66 0.10 73 0.09 1:4 
2 98 0.04 83 0.11 | 118 0.03 76 0.15 1.4 
3 28 0.17 91 0.12 83 0.07 88 0.11 1.0 
Mean 41 0.19 92 0.11 “fl 0.09 68 0.16 123 
Standard 
error of 
mean 4.0} 0.05 6.2} 0.02 10.8] 0.02 6.4) 0.04 0.05 


the curves, these slopes are vastly different from those for HPG. The mean 
ratio of the intercepts of the lower limbs of the ovarian and uterine curves 
is 1.3; this is less than the similar parameter for HPG and HCG but more 
than that for FSH. In effect, this means that HCG and HPG, but not 
FSH, are more effective than LH in inducing estrogenic secretion in this 
system. 

The composite dose-response curve was constructed from the values in 
Table 2. The entries in this table were derived from each of the previously 


| 
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TABLE 2. VaLures oF LH (MILLIGRAMS) FOR INTERCEPTS OF DOSE-RESPONSE CURVES 


Ovary Uterus 
Control Plateau Control Plateau 
a a A/O at / a ally 
(XIII-16-3) 
1 1.3 0.97 2.6 6.0 47 
2 2.6 4.0 8.8 24 1.75 4.4 10.0 50 
3 3.0 == a 23 2.15 5.1 8.0 48 
ay 2.0 3.8 16.5 25 1.85 5.4 11.0 48 
Mean 2.2 3.9 12.7 24 1.68 4.4 8.8 48 : 
+2.2 x 1.8x 5.8x 0.76x 2.0x 4.0x 
(XIII-87-1) 
1 6.5 | 10.0 20.0 23 4.5 10.0 17.3 51 
2 5.1 7.6 28.8 34 3.5 7.6 40.0 71 
3 4.0 8.0 27.0 21 4.0 8.0 30.0 49 
Mean 5.2 | 8.5 | 25.3 | 26 4.0 8.5 | 29.1 57 
+5.2 x 1.6x 4.9x 0.77x | 1.6x 5.6x 
Mean 0.76x| 1.8%| 4.8x| 68 


mentioned 7 assays, and they consisted of determining, for both the ovary 
and uterus, the dose in milligrams of LH for the intercepts at the control 
level and for the position of the plateau zone. These values and the value 
for the position of the plateau on the response coordinate were averaged. 
The dose coordinate then was converted into absolute units (in terms of X, 
or unity) as previously described (2). Because the two preparations of LH 
had different specific activities, all 7 of the assays could not be averaged. 
Hence, conversion into absolute units was performed separately for each 
preparation of LH; the two sets of absolute units thus obtained then could 
be averaged. From the mean values in Table 2, the composite curve was 
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constructed, which also shows a comparison with HPG (Fig. 8). The dis- 
similarity of these two gonadotropins is obvious. 
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ABSTRACT 


The urinary Porter-Silber chromogens of 27 normal full-term newborn in- 
fants were studied after extraction with methylene dichloride before and after 
hydrolysis with beta-glucuronidase. The values for total steroid were generally 
lower than would be predicted on the basis of small body size alone. The free 
steroid fraction accounted for a higher percentage of the total steroids than is 
commonly found in adult man. Unlike the urinary pattern in the adult, unme- 
tabolized cortisol was not the major steroid component of the free fraction. 
Excretion values showed a trend toward increasing with each day of life. This 
trend was most evident for the steroids released during incubation with beta- 
glucuronidase. Because of the great variabili.y in steroid, excretion and the 
small size of the sample, no determination of limits for the range of urinary 17- 
hydroxycorticosteroid excretion nor interpretation of the, state of adrenal 
function in the normal infants studied seemed justified. 


ORTISOL is the principal free corticosteroid in the peripheral blood 

of the newborn infant (1), as it is in the adult. No direct knowledge 

of the adrenal venous effluent content at this age is yet available. During 

the first week of life, the concentrations of cortisol and of 17-hydroxy- 

corticosteroids (17-OH-CS) in plasma fall to levels below those usually 

found in the normal adult (2). It has been suggested, moreover, that the 

rate of metabolism of exogenous cortisol is slow, that reduction to tetra- 

_hydro compounds is impaired, and that conjugation with glucuronic acid 
is inefficiently performed during this period (3, 4). If this be the case, even 

though the same methods are used to measure 17-hydroxycorticosteroid 
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excretion in the urine of the adult and the infant, the values obtained 
may not yield the same information about rates of adrenal secretion and 
steroid metabolism in the different age groups. 

The present study was designed to measure the urinary excretion of 
corticosteroids in infants during the first week of postnatal life. The pur- 
pose was to determine in normal infants a range of excretion values for 
unconjugated and glucuronide-conjugated steroids by methodology similar 
to that commonly used for the study of 17-OH-CS excretion in the adult. 
It was hoped that such data would be of value in determining steroid 
excretory rates in young infants experiencing situations which in the adult 
are associated with adrenocortical stimulation, and in defining further the 
glucuronide-conjugating ability of infants during the first week of life. 
Quantitative and qualitative studies were performed; the former are the 
basis of this report. 


CLINICAL MATERIAL AND METHODS 

Patients 

Urine was collected for 24-hour periods from‘27 normal full-term infants (birth 
weights greater than 2500 grams) who were free of disease and visible jaundice. The in- 
fants were kept in the nursery for newborns throughout the period of collection and 
received the same care and feeding as other infants in our nursery. An indwelling catheter 
(No. 8) was often utilized to minimize loss of urine. Specimens were collected on ice, and 
immediately frozen until the time of assay. 


Methods 


The 24-hour urine samples were brought to constant volume (200 ml.) with distilled 
water. Cortisol-4-C™ (0.4 ug. in 1 ml..of distilled water) was added and the entire volume 
was subjected to extraction in a filming ball extractor (5) for eight hours with 600 ml. 
of methylene dichloride previously purified by passage over a silica gel column. This 
methylene dichloride extract is hereafter referred to as the ‘free fraction.” The entire 
urine residue was then brought to a volume of 400 ml. with acetate buffer (pH 4.7). 
Beta-glucuronidase (Ketodase) in a concentration of 333 units per ml. of urine, and 
penicillin (150,000 units) were added, and the mixture incubated at 37° C. for forty- 
eight hours. A second extraction was performed with 600 ml. of methylene dichloride 
for sixteen hours in the ball extractor. This second methylene dichloride extract is here- 
after referred to as the “fraction released by incubation.” The free fraction and the 
fraction released by incubation were washed separately with .01 N NaOH and distilled 
water and dried under reduced pressure at 40° C. 

An aliquot (one-third to one-fifth) of each dried extract was used for estimation of 
the Porter-Silber chromogens by the method of Glenn and Nelson (6) modified by the 
foregoing extraction procedures. Each aliquot was chromatographed on a Florisil col- 
umn; the 25 per cent. methanol fraction was utilized for the final color determination. 
Attempts to eliminate this step proved unsuccessful owing to high background color. 
Color was developed with acid phenylhydrazine for one hour at 60° C. A “sample 
blank” (half of the chromatographed sample residue plus sulfuric acid-methanol re- 
agent) was measured with each sample. Each was measured by comparison with a re- 
agent blank in a Beckman DU spectrophotometer. Standards of authentic cortisol at 
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four concentrations were chromatographed and measured in identical fashion with each 
run of samples.! The optical densities of each sample and its blank were determined at 
370, 410 and 450 millimicra, the sample blank reading subtracted, and the Allen correc- 
tion utilized for final calculation (7). The results are expressed as cortisol equivalents. 
The remaining two-thirds to four-fifths of each extract was chromatographed on paper. 
The complete results of this study will be reported separately (8) 

The area of each “free fraction” chromatogram (Bush B-5 system) corresponding to 
authentic cortisol run adjacently was cut from the paper and eluted after a test strip 
was removed and stained with alkaline blue tetrazolium (BTZ). The eluate was applied 
to a second paper and re-chromatographed in a second solvent system (Eberlein E2B). 
The cortisol area and an appropriate lateral area of equal size were cut from the paper 
and eluted in methanol at room temperature. Fluorescence in sulfuric acid-ethanol 
(65:35) was determined on three-fifths of the dried sample and blank paper eluates (9). 
Counting of C™ radioactivity was performed on one-fifth of the dried eluate in toluene- 
0.3% PPO using a Packard Tri Carb liquid scintillation counter. The specific activities 
of the samples were used to calculate the urinary content of cortisol. Correction was 
made for impurities in the cortisol 4-C". 


EVALUATION OF METHODOLOGY 


Recovery experiments 


The adequacy of the extraction procedure was tested as follows: Radioactive cortisol 
(cortisol-4-C™)? in 1 ml. of aqueous solution was added in trace amounts (0.4 ug.) to 
infant urine and extraction was performed as described. The washed and dried extracts 
were than divided. One aliquot was used to determine recovery of the added radioactivity, 
another to determine the content of Porter-Silber chromogens. After the first extraction, 
the urine was again subjected to the same extraction process. Representative results are 
presented in Table 1, demonstrating the effects of using three different volume ratios of 
methylene dichloride to urine and two different extraction times. The longer extraction 
time appeared to have a slight advantage, and since urine volumes from the third to the 
seventh days of life were usually between 100 and 200 ml. in a 24-hour period, the volume 
of 200 ml. was arbitrarily chosen as standard for the first extraction. Dilution to this 
volume with distilled water was made when necessary. Cortisol was efficiently recovered 
in the single extraction. Added corticosterone-4-C", a less polar steroid, was completely 
recovered from the largest volume in one 16-hour extraction. Chromatograms of such 
extracts are known to demonstrate relatively large amounts of blue tetrazolium-stain- 
ing material more polar than tetrahydrocortisol, however (10). These compounds were 
inefficiently extracted even with the longer time. 

The effect of long exposure of the urinary steroids to solvent was evaluated by a 
qualitative comparison of BTZ-stained chromatograms of these extracts with those made 
by more standard procedures (6). Although the amount of the polar compounds was 

_less constant by the shorter extractions, there was no difference in patterns to suggest 
that significant solvolysis occurred during the longer extraction time. The use of ethyl 


1 Authentic steroid standards for this study were gifts from Merck & Co., Inc., Rah- 
way, N. J. and The Upjohn Company, Kalamazoo, Mich. 

2 Generously supplied by the Endocrine Study Section of the National Institutes of 
Health. A correction factor is included in all calculations to allow for 10.9 per cent im- 
purities as determined by paper chromatograms in this laboratory. 
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acetate alone, using the shorter extraction time, also demonstrated that no alteration or 
hydrolysis took place during the described procedure. 

The preliminary column chromatography has been considered a potential source of 
error. Using cortisol as a standard, recovery from the 25 per cent methanol-in-chloro- 
form fraction was 83.9+1.5 per cent (s..) when 33 chromatographed standards were 
compared by the Porter-Silber reaction to unchromatographed standards. Using erystal- 
line standards of 66-OH-cortisol (A‘-pregnene-68,118,17a, 21-tetrol-3-one), comparable 
recoveries of 86 per cent were found. The unavailability in suitable quantities of steroids 
more polar than cortisol rendered impossible their routine use in these studies. 


TABLE 1. ErFricIENCY OF EXTRACTION PROCEDURE USING 
600 ML. OF METHYLENE DICHLORIDE 


Duration of P-S chromo-} Recovery of 
Urine Extraction ieieathind Vol. of urine gens (ug./ | C¥* cortisol 
specimen No. (hrs.) (ml.) specimen) (%) 
Infant A 1 8 78 55.5 88.0 
2 8 78 2.0 1.0 
Infant A 1 16 172 53.0 93.0 
2 16 172 fat atl 1.0 
Infant B 1 16 310 —t 98.5 
2 16 310 —t 0.9 
3 16 310 —t 0.6 


* Expressed as a percentage of added C™ counts. 
Not determined. 


Hydrolysis of steroid conjugates 

The presence of steroid glucuronide complexes as a major fraction of cortisol metabo- 
lites in the urine of the adult necessitates a hydrolysis procedure prior to extraction with 
methylene dichloride. Incubation of urine with 6-glucuronidase at proper temperature, 
molarity, and pH will hydrolyze all steroid-glucuronide complexes to the free steroid 
form, which is then extractable with methylene dichloride. It cannot be assumed, how- 
ever, that all steroids which become extractable into methylene dichloride after such 
procedure have been released from a linkage with glucuronic acid, even if the free 
steroids have been removed by a previous extraction. Since, in the newborn infant the 
rate of glucuronide conjugation of certain substances is slow (11), it seemed important 
to determine whether the Porter-Silber chromogens released by this incubation proce- 
dure actually represented glucuronide-conjugated steroids. The following experiments 
were therefore performed: _ 

a. The 6-giucuronidase-like activity natively present in urine from neonates was 
demonstrated by the addition of phenolphthalein glucuronide (75 wg. per ml.) to aliquots 
of the pooled urine of 2 infants, aged 2 and 3 days. Data presented in Table 2 show 
that after incubation at 37° C. for seventy-two hours, some enzyme-like activity was 
detectable in the urine alone. This activity was greater when the pH and molarity were 
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TABLE 2. HypDROLYSIS OF PHENOLPHTHALEIN GLUCURONIDE BY 30-ML. 
ALIQUOTS OF URINE FROM NEWBORN INFANTS 


(Incubation of urine at 37° C. for 72 hours; 25,000 units of 
penicillin added to each sample) 


Phenolphthalein 
Media pH released (ug./ml.) 
Urine +H,0 6.7 11.0 
Urine +buffer 4.8 52.0 
Urine+buffer enzyme* 4.8 79.0T 
Distilled water +buffer 4.2 0 


* Ketodase, 333 units/ml. 
+ Represents complete hydrolysis. 


adjusted to that used in the steroid hydrolysis procedure. The addition of an active 
preparation of 8-glucuronidase to the incubate resulted in complete hydrolysis of the 
added phenolphthalein glucuronide. 

b. An attempt was made to quantitate this activity by a modification of the assay of 
Bernfeld et al. (10). The data shown in Table 3 demonstrate that the freshly voided 
urine of a 2-day-old infant contained approximately 5 units of 8-glucuronidase-like 
activity per milliliter. Most, but not all of the enzyme-like activity disappeared from 
the urine after boiling, as did the activity of a commercial preparation of 8-glucuronidase 
after boiling. 

c. A 24-hour urine specimen (166 ml.) obtained from a 3-day-old male infant was 
subjected to extraction for eight hours as outlined previously. Re-extraction of a 50-ml. 
aliquot of the urine residue released no additional Porter-Silber chromogens, indicating 
that the initial extraction of free steroidal material was quite complete and that little 


TABLE 3. THE B-GLUCURONIDASE-LIKE ACTIVITY OF URINE FROM NEWBORN 
INFANTS, USING THE ASSAY PROCEDURE OF BERNFE LD et al. (10) 


‘ Activity 
Media pH (units/ml. urine) 
1. Urine+H.0-+buffer 4.8 4.9 
Same—boiled 20 mins. os 0.9 
2. Urine +H:0 5.7 5.1 
Same—boiled 20 mins. = 2.2 
3. Urine+enzyme*+buffer 4.8 467 .0 
Same—boiled 20 mins. 15.3 
4. Water+enzyme*+buffer 4.8 506.0 
Same—boiled 20 mins. —- 3.3 


* Ketodase, 500 units/ml. 
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or no hydrolysis occurred during the second extraction procedure. A second 50-ml. 
aliquot was incubated with added buffer and penicillin, and a third 50-ml. aliquot was 
incubated with added buffer, penicillin, and an active preparation of 6-glucuronidase. 
The results are summarized in Table 4, and indicate that the active enzyme preparation 
released only slightly more phenylhydrazine-reacting material than did the enzyme-like 
action of the urine alone. Examination of the extracts by paper chromatography re- 
vealed identical patterns in the aliquots incubated with and without added enzyme. 
These patterns were different, however, from that on the paper chromatogram of the 
initial extract before incubation. 

Although these studies indicate that the steroids measured after incubation are 
rendered extractable by some aspect of the incubation procedure, they do not show 


TABLE 4. THE RELEASE OF ENDOGENOUS STEROIDS PREVIOUSLY UNEXTRACTABLE WITH 
METHYLENE CHLORIDE BY INCUBATION OF NEWBORN 
INFANT’S URINE FOR 24 HOURS AT 37° C. 


Vol. of urine | Duration of P-S 
Procedure aliquot extraction | Chromogens 
(ml.) (hrs.) extracted* 

‘Ast extraction 166 16 15.2 
2nd extraction 

a. no incubation 50 8 0 

b. incubated with buffer and penicillin 50 8 138.6 

c. incubated with buffer, enzyme,** 

and penicillin - 50 8 176.5 


* Expressed as micrograms of cortisol equivalent. 
** Ketodase, 333 units/ml. 


whether the 8-glucuronidase activity natively present in the urine of neonates accounts 
for the hydrolysis of steroid-glucuronides, or whether the altered molarity and pH of 
the buffered urine increases the extractability of previously unextractable steroids by 
another mechanism. The data also do not provide definitive information on the im- 
portance of added 6-glucuronidase in the reactions. Nevertheless, it seems clear that 
accurate assessment of the ability of infants to conjugate steroids with glucuronic acid 
is not possible on the basis of data obtained by the extraction and incubation procedures 
employed in the present study. Methodology for the isolation and quantitation of the 
intact steroid-glucuronide complex are presently being utilized to study this point. Be- 
cause of the uncertainty regarding the nature of the steroid complexes extractable only 
after incubation of the buffered urine, we refer to them as “released steroids.”’ Further 
studies may prove them to be, in fact, glucuronides. 


RESULTS 


The study, as originally planned, would have resulted in measurement 
of the steroid excretion from birth until the end of each infant’s stay in the 
nursery for newborns. The difficulties of obtaining repeated successful 
24-hour urine collections from infants of either sex prevented the success of 
this plan. The resulting study, presented here, is neither a group of 
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serialized urine collections from randomly observed normal infants, nor a 
series of 24-hour samples, one from each infant drawn at random as regards 
age. Infant A was represented only on day 1, but Infant D, who was also 
represented on day 1, contributed samples on days 2, 4, 5, 6 and 7. Perusal 
of Table 5 will show the great discrepancy between the studied group and 
a statistically normal population (although we would emphasize that the 
health of each infant was normal). 

In order to analyze the findings by statistical méthods, therefore, it was 
necessary to use methodology which took into account the non-orthogonal 
character of the contributions by individual infants (12). Factors were 
calculated from the data which gave consideration to the number of days 
each infant contributed samples to the group.* Since all successfully col- 
lected specimens were completely analyzed, the same statistical ‘“‘weight- 
ing” factors could be applied to the fractional as to the total steroid data. 
The individual values for each analysis are tabulated without such cor- 
rection in Table 5. The mean values for each fraction and for total steroid 
measured are presented in Table 6. These latter values were all corrected 
as described previously, and the standard errors were also calculated by 
such analyses. 


Total 17-hydroxycorticosteroids 


The values determined in this group of 27 normal newborn infants 
varied greatly (Table 5). It was obvious from such data that an individual 
infant should be considered normal when his urine contained virtually no 
Porter-Silber chromogens extractable with methylene dichloride. The sta- 
tistical significance of the progressive rise in urinary steroid excretion from 
day 1 through day 7 is questionable (P =.085). This point may be further 
examined by grouping the results for the infants who provided more than 
a single urine specimen. Figure 1 indicates that 5 individual infants showed 
increased steroid values with increasing age. In 3 other infants there was 
virtually no change, and in 1 there was a pattern of decreasing values. 
Cranny has previously shown that in individual premature infants the uri- 
nary steroid excretion usually increases over a period of several weeks (13). 

Although the present series included only full-term normal infants, the 
range of body weight at birth was moderately large (Table 5). Individual 
urinary steroid values were therefore corrected to a standard body weight 
(ug./Kg./24 hours) and to a standard body surface area (ug./square 
meter (M?)/24 hours). These corrected means and their standard errors are 


3 Statistical evaluation was kindly performed by Richard McHugh, Ph.D., Depart- 
ment of Biostatistics, School of Public Health, University of Minnesota. Mr. Henry 
Tingey was instrumental in completing the analyses. A Univac scientific computer was 
used to perform the matrix inversion. 
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TaBLE 5. Urtnary 17-OH-CS ExcRETION IN NORMAL NEWBORN INFANTS 
Urinary excretion 
Birth Body 17-Hydroxycorticosteroids Concen- 
Infant Age wt. ouseeen tration 

(days) (Gm.) pai Free | Released| Total | Free | of total 

| (ug./24 | (we./24 | (ug./24 | (% of |17-OH-CS 

hrs.) hrs.) hrs.) | total) | (ug./ml.) 
¥ 1 3280 0.22 7.6 7.6 15.2 50 0.70 
A 1 3620 0.24 0 35.0 35.0 0 1.94 
B 1 2970 0.20 19.0 120.0 139.0 14 2.67 
C 1 3650 0.24 40.0 113.0 153.0 26 3.64 
D 1 4180 0.25 13.0 322.0 335.0 3 1.99 
Y 2 3280 0.22 6.7 15.3 22.0 30 1.33 
K 2 3150 0.21 28.0 25.0 53.0 53 rtd 
F 2 3360 0.22 0 81.0 81.0 0 0.48 
H 2 2520 0.18 12.0 70.0 82.0 14 2.41 
“M 2 3300 0.22 26.0 81.0 107.0 24 0.76 
N 2 2720 0.20 35.0 105.0 140.0 25 2.80 
G 2 3200 0.22 60.0 107.0 167.0 36 1.19 
L 2 3820 0.24 30.0 124.0 154.0 19 0.81 
B 2 2870 0.20 28.0 140.0 168.0 Vy: 1.79 
D 2 4180 0.25 11.0 159.0 170.0 6 0.89 
I 2 4445 0.26 49.0 325.0 374.0 13 6.56 
J 2 3720 0.24 140.0 246.0 386.0 36 5.22 
E 2 3050 0.21 43.0 472.0 515.0 8 2.83 
H 3 2520 0.18 0 30.0 30.0 0 1.43 
WwW 3 3460 0.23 5.7 42.5 48.2 12 8.30 
x 3 3800 0.24 6.0 73.0 79.0 7 1.20 
P 3 3050 0.21 32.0 82.0 114.0 28 1.60 
Y 3 3280 | 0.22 34.0 159.0 193.0 18 1.93 
M 3 3300 0.22 33.0 174.0 207.0 16 0.71 
Z 3 4025 0.25 81.0 162.0 243.0 33 1.43 
Q 3 3320 0.22 245.0 64.0 309.0 79 2.38 
O 3 4390 0.26 55.0 490.0 545.0 10 2.59 
Y 4. 2720 0.22 17.2 44.8 62.0 28 0.70 
x 4 3800 0.24 0 81.0 81.0 0 0.90 
R 4 4600 0.27 24.0 60.0 84.0 28 0.69 
P 4 3160 |° 0.21 29.0 111.0 140.0 21 1.25 
Z 4 4025 0.25 66.0 114.0 180.0 36 0.84 
s 4 3300 0.22 60.0 208 .0 268 .0 22 2.13 
WwW 4 3460 0.23 25.0 274.0 299.0 8 4.34 
D 4 4180 0.25 29.0 308.0 337.0 8 2.25 


* Calculated from birth weight: M?=~/(Kg,)*X0.1. 


1074 ULSTROM, COLLE, BURLEY AND GUNVILLE Volume 20 


TABLE 5. (continued) 


Urinary excretion 

Birth | Body 17-Hydroxycorticosteroids Concen- 

Infant | Age wt. vernon tration 

(days) | (Gm.) pe Free | Released| Total | Free | of total 

(MY) | (wg./24 | (ug./24 | (ug./24 | (% of |17-OH-CS 

hrs.) hrs.) |- hrs.) | total) | (ug./ml.) 
AA 4 3000 0.21 63.0 283.0 346.0 | 18 1.68 
Q 4 3320 0.22 313.0 51.0 364.0 86 1.84 
5 3160 0.21 8.0 34.0 42.0 19 0.74 
¥ 5 3280 0.22 14.0 35.0 49.0 36 1.46 
Z 5 4025 0.25 44.0 149.0 193.0 23 1.07 
T 5 3790 0.24 38.0 .| 282.0 320.0 12 1.23 
R 5 4600 0.27 58.0 265.0 323.0 18 1.46 
D 5 4180 0.25 48.0 277.0 325.0 17 1.88 
W 5 3460 0.23 52.0 478.0 530.0 10 3.23 
¥ 6 3280 0.22 9.0 22.0 31.0 28 2.09 
re 6 3200 0.21 6.0 108.0 114.0 5 1.62 
. Lv 6 3490 0.22 75.0 251.0 326.0 23 1.13 
; D 6 4180 0.25 95.0 399.0 494.0 20 1.42 
R 6 4600 0.27 63.0 469.0 532.0 12 2.34 
U 7 3990 0.25 66.0 113.0 179.0 37 0.62 
D 7 4180 0.25 85.0 628 .0 713.0 12 2.43 


TABLE 6. CORRECTED MEAN VALUES OF DAILY URINARY STEROID EXCRETION BY 
NORMAL NEWBORN INFANTS DURING THE FIRST WEEK OF LIFE 


No. of Total steroids 
Day mule Total steroids (ug./Kg./24 Total steroids | Free steroids 
specimens (ug./24 hrs.) hrs.) (ug./M?/24 hrs.) | (% of total) 

1 5 143.3+57.1§ | 37.8+14.5 627 .3+238.1 24.5+4.2 
2 13 93.9+59.1 25.0+15.0 436.5+246.6 23.3+44.4 
3 9 128.6+51.5 39.0+13.1 626.1+241.7 19.6+3.8 
4 10 146.6+48.6 44.8+12.4 672.5+202.8 21.8+3.6 
5 7 202.4+51.9 57.8413.2 879.7+216.5 21.2+3.8 
6 5 273.0+59.7 92.7+15.2 | 1129.4+248.8 17.0+4.4 
7 2 549.6+110.6 | 140.8+28.1 | 2223.7+461.2 23.0+8.1 


§ Corrected mean +standard error of the mean. 


| 
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presented in Table 6. The rise of steroid excretion on each succeeding day 
was statistically significant when corrected for body weight (P=.036). 
Correction to a standard body surface area, however, failed to provide 
even the borderline confidence level for the daily rise seen in the earlier 
calculation (P=.142). 

The role of urine volume as a limiting factor in the urinary excretion of 


CHANGES WITH AGE OF URINARY FREE 
I7-HYDROXYCORTICOSTEROIDS IN 
INDIVIDUAL INFANTS INCUBATION 
750 
BABY D BABY Y BABY P BABY W 
: 
Ee 1234567 123456 3456 345 
Se 
N 
= BABY Z BABY B BABY H BABY M BABY Q BABY R 
z 500 
= 
| | | | | 
DAY OF LIFE 
Figure 1 


steroid has been considered. The data regarding concentrations of steroid 
(ug./ml.) observed in this group of normal infants are presented in Table 5. 
The concentrations were, in general, low when compared with that usually 
seen in the normal adult. Mean values for concentration were higher (and 
urine volumes lower) during the first three days of life than subsequently. 
This finding, and the apparent rise of mean steroid excretion with age, 
suggest that an inability to concentrate steroid in urine is not a factor of 
great influence on steroid output at this stage of life. Since the actual rate 
of production of adrenal steroids and their concentration in the blood of 
each infant was unknown, a lack of correlation between urinary steroid 
concentration and total daily excretion (P =.25) is an insufficient basis on 
which to postulate the role of the kidney in this regard. 
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Free and released 1 7-hydroxycorticosteroids 


The fraction of steroid easily extractable with methylene dichloride (free) 
was, in its relation to the total steroid excretion, generally greater than 
that observed in adults (14, 15). In Table 6 are presented the corrected 
mean values for the percentage of free steroids in the urine during each day 
of neonatal life. The absolute values for individual urine specimens are 
listed in Table 5. Values for the percentage of free steroids determined by 
the same methodology on the urine of older children without endocrine 
disorders have been uniformly lower—below 7 per cent of the total steroids. 
In this study, the mean percentage values of free steroid showed no rise or 
fall of statistical significance from day 1 to day 7 (P =.70). Although in the 
adult this fraction contains largely free cortisol (14, 15), paper chromato- 
grams of the free steroids from newborn infants showed that only very 
small amounts of cortisol were present. In addition to cortisol, at least 4 
substances were present which reacted with blue tetrazolium (8). Con- 
firmation of the low levels of cortisol observed by visual estimation of 
chromatograms was obtained by a comparison of the phenylhydrazine 
values for the free steroids with the cortisol values obtained on severar 
specimens by the method of specific isotope dilution. The amount of 
cortisol found per specimen was only a few micrograms. These findings 
are in marked contrast to the findings in this laboratory on older children; 
free steroids other than cortisol were rarely observed when their urine 
was examined by these methods. 

In Table 7 are listed the matched serial determinations of free and total 
Porter-Silber chromogens and cortisol measurements in a male infant 
(Baby P). The calculated ratios of cortisol/free and cortisol/total Porter- 
Silber chromogens emphasize the inconsistent relationship of the free 
fraction to unmetabolized cortisol. 

The free steroid fraction measured by phenylhydrazine showed great 
variability in relation to the fraction of steroid released by incubation in 
this group of infants. In consecutive observations on the same infant, the 
consistency of this relationship was greater, but no distinct patterns were 
found (Fig. 1). In Baby D, for example, only 3 per cent of the total 
steroid was present in the free fraction on the first day of life. On subse- 
quent days he excreted 6, 16, 8, 17 and 20 per cent of the total in this form. 
Baby Q excreted 79 per cent of the total in the free fraction on the third 
day of life and 86 per cent of the total in this form on the fourth day. 

On the other hand, there was a greater uniformity of released steroid. A 
highly significant statistical correlation of increasing values for released 
steroid with increasing age was found (P=.005). This observation sug- 
gested that either the infants in this group were rapidly developing an 
ability to metabolize and excrete adrenal steroids in this form, or that a 
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TABLE 7. COMPARISON OF THE AMOUNTS OF CORTISOL AND TOTAL PORTER-SILBER 
CHROMOGENS IN THE FREE FRACTION OF URINE IN A NEWBORN INFANT (Baby P) 


| | 
Ratios 
Age of | Cortisol Free P-S_ Total P-S 
infant | (ug./24 chromo- | chromo- | Cortisol __ Cortisol 
(days) | hrs.) | gens* | = gens* | Free P-S Total P-S 
| | chromogens | chromogens 
3 1.55 32 114 .048 | .014 
f 3.48 29 140 .120 .025 
5 1.19 | 8 42. | .149 .028 
10 58 231 
15 <1.00 63 411 | 


* Expressed as micrograms cortisol equivalent per 24 hours. 


true increase in adrenal steroid production had occurred during this time. 
The poorly understood nature of the free fraction frustrated a decision 
between these alternative interpretations. Consideration must also be 
give to earlier studies which emphasized the small percentage of total 
cortisol metabolism that is measured in the newborn infant by the methods 
employed in this study (1, 16). Until more precise and direct methodology 
for measurement of total adrenal cortisol production is employed, it seems 
unlikely that a distinction can be made between a rising rate of production 
of cortisol and a rising rate of conjugation of cortisol metabolites as the 
basis for the observed rise in these values. 


DISCUSSION 


In the adult, the principal route of metabolism of cortisol proceeds by a 
two-step reduction to tetrahydrocortisol. The tetrahydrocortisol may be in 
part converted to tetrahydrocortisone. Both tetrahydro forms are then 
conjugated by a reaction with the glucuronic acid from uridinediphos- 
phoglucuronic acid (17, 18). Recent studies have suggested that glucurony] 
transferase, which is essential for the formation of bilirubin glucuronide in 
a similar reaction, is quite inactive in human newborn liver (19). Steroid 
conjugation, studied only by indirect methodology, has been found to 
be limited in the newborn infant by some authors (4) but not by others 
(20). The relative importance of conjugation and its preliminary reactions 
is not apparent from these or other published data. 

The variation of steroid excretion was large in this group of normal in- 
fants on any single day of life and absolute limits on normal daily excre- 
tion cannot yet be defined. Relating the amount of steroid excreted to the 
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body weight or surface area of the infant does little to narrow the extremes 
of the group. Normal values reported for adult males by a similar method 
ranged from 3.3 to 9.3 mg. per twenty-four hours with an average of 5.3 
mg. (21). The values obtained in adults by the modifications of methodol- 
ogy described here have been in the same range. If a surface area of 1.7 
sq.M. were assumed for an adult, this would mean a 24-hour excretion of 
1.94 to 5.47 mg. per sq.M. with an average of 3.1 mg. per sq.M. Most of 
the infants excreted smaller quantities of 17-OH-CS per sq.M. of body sur- 
face than this. (The absolute values are considerably less than those found 
by Cranny (13) for premature infants, but this difference is readily attrib- 
utable to differences in method.) Evidence that cortisol metabolism in 
peripheral tissue is different in newborns than in adults has been previously 
presented (1, 3, 4, 8, 16, 22). It seems probable that a different percentage 
of the cortisol produced by the infant adrenal cortex is measured in the 
infant’s urine by methods known to detéct the major cortisol metabolites 
in the urine of adults. Normal adults, for example, reduce a fraction of 
cortisol to 20-hydroxylated derivates which escape detection by the 
Porter-Silber reaction. In addition, the highly hydroxylated derivatives 
of cortisol escape detection unless they are extracted from the urine with 
ethyl acetate. These are, however, of minor quantitative importance in 
the adult as compared with the amount of cortisol excreted as tetrahydro- 
cortisone and tetrahydrocortisol. In the newborn, this state is altered, and 
evidence is available that THE and THF are but minor products of total 
cortisol metabolism (1, 8, 16). Therefore, a different interpretation is prob- 
ably necessary of data obtained in infants and data’ obtained in adults 
using the same methodology. Since the normal state remains so poorly 
defined, only the extreme variations from it are recognizable. 
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ABSTRACT 


Studies of corticosteroids in the urine of normal newborn infants were per- 
formed on the free and glucuronide fractions after each was extracted by means 
of methylene dichloride and ethy] acetate. The latter organic solvent was found 
to be essential for efficient extraction of the polar metabolites of cortisol. From 
this fraction, 68-hydroxycortisol was isolated and identified. The data ob- 
tained after cortisol loading suggested that the very polar metabolites are more 
important pathways of cortisol disposition in the newborn infant than they are 
later in life. The studies also showed that in spite of the high percentage of the 
urinary steroids extractable before hydrolysis from the urine of the newborn 
infant, cortisol itself is present only in very small amounts. It appears, there- 
fore, that the normal infant metabolizes cortisol efficiently, but that deg- 
radation pathways of mitior quantitative importance in the adult are more 
extensively used during the first postnatal week. 


N ADULT man, the metabolism of endogenous cortisol is quite com- 

plete in the sense that, except in disease states, little unaltered cortisol 
is excreted in the urine (1, 2). Enzymatic reduction of the unsaturated A 
ring and the ketone functions at carbons 3 and 20, as well as conjugation 
with glucuronic acid of the reduced cortisol metabolites, generally precedes 
their excretion by way of the kidney (3, 4). Cleavage or destruction of the 
steroid nucleus in vivo and excretion of cortisol or its metabolites by extra- 
renal channels are quantitatively unimportant routes of its disposition by 
man (5). In addition to cortisol, corticosterone (6) and aldosterone (7) 
are also released by way of the adrenal vein, metabolized, and excreted 
in the urine. Corticosterone, aldosterone, and their metabolites are, how- 
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ever, not measured by the Porter-Silber reaction. Thus, in adults, cortisol 
is the principal steroid measured in methylene dichloride or chloroform 
extracts of urine that has not been subjected to hydrolysis. This measure- 
ment, when compared with that of the total urinary corticosteroids, 
ordinarily provides an approximate estimate of the efficiency of extra- 
adrenal metabolism of cortisol. 

Burstein e¢ al. (8), utilizing a more polar extraction solvent (ethyl 
acetate), isolated and identified 68-hydroxycortisol (A‘-pregnene-68,118,- 
17a,21-tetrol-3,20-dione) from the urine of normal men. They concluded 
that the excretion of this steroid was roughly equivalent in amount to 
that of cortisol. These studies and others performed on guinea-pig urine 
(9), which normally contains appreciable quantities of highly hydroxylated 
corticosteroids, indicated that solvents more polar than the chlorinated 
hydrocarbons will extract additional steroids which produce the Porter- 
Silber color reaction. 

Earlier studies from this laboratory (10) indicated that the urinary 
excretion of 17-hydroxycorticosteroids by normal newborn infants was 
consistently low when measured by a method using methylene dichloride 
extraction and the Porter-Silber reaction. In addition, the fraction ex- 
tracted before hydrolysis (free) was consistently high in a relative sense 
when compared with the fraction extracted by this same solvent after 
hydrolysis with 6-glucuronidase. However, examination of the qualitative 
components of the free neutral steroid extracts by means of paper chro- 
matography revealed that steroids more polar than cortisol, tetrahydro- 
cortisone and tetrahydrocortisol were present more consistently than was 
cortisol in the newborn infant. Although we have detected small amounts 
of these substances at times in similar extracts of the urine from older 
children and adults, cortisol has consistently been the dominant free 
steroid in the latter group. An investigation of the nature of these very 
polar compounds was made to determine their possible roles in the meta- 
bolic disposition of cortisol in the newborn infant. The present paper is a 
report of these studies. 


METHODS 


The details of the collection of urine from normal newborn infants and the extraction 
process with methylene dichloride before and after incubation with 6-glucuronidase 
(Ketodase) at pH 4.5 have been published previously (10). In the study presented here 
each 24-hour urine specimen was subjected to re-extraction three times with equal vol- 
umes of ethyl acetate. immediately following each methylene dichloride extraction. The 
ethyl acetate extracts of each fraction (free and hydrolyzed) were washed twice with 
0.01 N sodium hydroxide and once with distilled water and dried at reduced pressure in 
a water bath at 40° C. One-fifth of each fraction was used for quantitative studies and 
the remainder was chromatographed on paper. On each 24-hour specimen of urine, 
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therefore, four separate quantitative and four separate qualitative studies were made 
(Fig. 1). 

Paper chromatography: An aliquot containing four-fifths of each extract was evapo- 
rated to final dryness in a conical centrifuge tube. The dried residue was dissolved in 
methanol and quantitatively transferred to Whatman #1 paper (55 cm. X18 cm.) with a 
serrated front edge. The paper had been previously washed continuously for one week 
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Fic. 1. Preparation of 24-hour urine specimens from normal newborn infants for 
quantitative and qualitative studies of steroid content. 


with methanol to which 0.5 mg. of ethylenediaminetetraacetic acid per 100 ml. had been 
added. The latter has been found to prevent the formation of polar metal-steroid com- 
plexes (11). The papers were equilibrated overnight. Both equilibration and develop- 
ment of the chromatograms were performed at 23° C. The following systems were em- 
ployed: 

System I (B;)—benzene: methanol: water [100 :50:25] (12). 

System II]—benzene:ethylene dichloride: methanol: water [50:30:50 :25]. 

System III (E.B)—iso-octane :tert-butanol : water [50:25:45] (13). 

System [V—benzene :n-butanol: methanol: water [100:10:30:30]. 

System V—petroleum ether: benzene: methanol: water [66:33 :80:20]. 


Be 
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Identification of spot locations was performed using absorption of ultraviolet light, 
blue tetrazolium staining, sodium hydroxide fluorescene, and the Zimmermann reaction 
on paper. 

Unstained areas were eluted from finely cut squares of paper by allowing them to 
soak in methanol overnight. The paper was removed by filtration and the samples dried 
in a water bath at 40° C. under reduced air pressure or by a stream of dry nitrogen. After 
elution of the spots, steroid derivatives were made using chromic acid oxidation, sodium 
bismuthate oxidation, and acetylation by the methods of Bush (14). 

Infrared spectroscopy was carried out by plating the steroid or its derivative on silver 
chloride and recording the spectrum obtained from a microscope-mounted adaptation of 
a Perkin-Elmer infrared spectrophotometer. We are indebted to Mr. P. Edmondson for 
the spectrophotometric procedure, and to Dr. Frank Ungar for help in the interpreta- 
tion. 

Quantitation: The Porter-Silber reaction was performed after chromatography of the 
remaining aliquot of each extract on a Florisil column, as previously reported from this 
laboratory (10). Cortisol was specifically determined by an isotope dilution method 
adapted from that described by Peterson for corticosterone (15). 

An aliquot of cortisol-4-C™ (0.4 ug.) was added in distilled water to each urine speci- 

men before initial extraction. After methylene dichloride extraction and preliminary 
separation by paper chromatography in system I, the area corresponding to authentic 
‘cortisol was eluted as described previously, dried, and redissolved in methanol. The 
solution was reapplied to paper, as were standard compounds. The chromatograms 
were developed in system III, air dried, and scanned with an ultraviolet lamp. Stand- 
ards and test strips were cut from the sheet and stained with blue’tetrazolium. Adjacent 
detectable steroid was consistently found to be separated by 2 cm. or more. An area 
corresponding to cortisol was then cut from the paper and an adjacent lateral area of 
the same size was cut for use as a blank. The sample and blank areas were eluted and 
the eluate dried. Each was redissolved in 10 ml. of methylene dichloride. A 6-ml. aliquot 
of each was transferred to glass-stoppered centrifuge tubes. A 2-ml. aliquot of each was 
transferred to counting vials and dried. The larger aliquots were each extracted with 
1 ml. of sulfuric acid-ethanol reagent (65:35) and fluorescence measured in a Farrand 
fluorometer, using 1 and 2 micrograms of crystalline cortisol similarly extracted into acid 
ethanol for standard instrument settings. Blank readings were less than 5 per cent of the 
lower standard. Toluene with 0.3% PPO was added to the counting vials and radio- 
activity measured in a Packard Tri Carb scintillation counter. A minimum of 1,000 
counts over background was measured. A sealed C™ standard and a standard cortisol- 
4-C' standard were counted daily and instrument variation corrected accordingly. Cal- 
culated recovery of added radioactivity varied from 20 to 60 per cent. Studies of the 
standard cortisol-4-C™ indicated 89 per cent purity of the radioactivity and correction 
was made for this finding. The original cortisol content of the urine was calculated from 
the specific activity so measured (15). 

Similar studies of ethyl acetate extracts were unsuccessful owing to the completeness 
of prior extraction of cortisol by methylene dichloride. 


RESULTS 


Qualitative Studies 


Typical chromatograms of each type of extract developed in system I 
are presented schematically in Figure 2. 
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MeClo ExTRACTS EtAc EXTRACTS 


STD FREE FREE CON. 
THF 
/ Fig. 2. Schematic representation of 
typical distribution of blue tetrazolium 
F 
staining of chromatograms of 4 fractions 


of urine from normal infants during the 
first weeks of life. System I was used (12). 
Ee ; The usual migration distance of standard 
compounds is shown on the left. 


Cortisol and its reduced metabolites 


Cortisol in small amounts was consistently found in the free methylene 
dichloride fraction. Although the methodology employed allowed visual 
detection of amounts as low as 4 micrograms, only a minimal reaction 
with blue tetrazolium in this area was usually observed. This observation 
was confirmed by direct measurement of cortisol by an isotope dilution 
method (discussed later). Failure to extract cortisol efficiently was elim- 
inated as a possible source of error in previous studies (10). No free cortisol 
was found on chromatograms of the free ethyl acetate fraction, confirming 
the completeness of extraction of this compound with methylene dichloride. 
Tetrahydrocortisol and tetrahydrocortisone appeared to represent a major 
component of the urinary 17-hydroxycorticosteroids, as in the adult. They 
were detected, with but minor exceptions, only after incubation of the 
urine with 6-glucuronidase under conditions of mild:acidity. Little, if any, 
tetrahydrocortisone remained unextracted from the urine by methylene 
dichloride. On the other hand, some tetrahydrocortisol remained unex- 
tracted by methylene dichloride and thus appeared in the subsequent 
ethyl acetate extraction. 


Steroids more polar than tetrahydrocortisol 


In marked contrast to chromatograms of extracts from the urine of 
older children and adults, considerable quantities of blue tetrazolium- 
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staining material more polar than tetrahydrocortisol were found in both 
the free and hydrolyzed methylene dichloride extracts. In addition, the 
ethyl acetate extracts contained almost exclusively material more polar 
than tetrahydrocortisol. 

Further characterization of these steroids is shown schematically in 
Figure 3. A typical chromatogram developed in solvent system IV re- 
vealed 4 areas: 

Area 1. Some staining at the starting line was usually seen on these 
chromatograms, but no solvent systems have been found which allow 
further separation of these substances from the polar background material 
usually present on such chromatograms. Further identification has not 
yet been achieved. 

Area 2. Material in this area was found consistently in both the free 
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Fig. 3. Characterization of the highly polar steroids in the urine of normal newborn 
infants by derivative formation, chromatography, and spectral properties (method of 
Bush (14)). The area from the starting line to THF was eluted from the system I chroma- 
togram and rerun on system IV. The migration distance of standards is shown for each 
system in the left half of the respective strips. 
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and hydrolyzed ethyl acetate fractions. It was usually more abundant in 
the hydrolyzed fraction. It stained with blue tetrazolium but failed to 
show soda fluorescence. The Porter-Silber reaction on eluted material was 
positive. Acetylation resulted in two compounds, both of which migrated 
faster than the steroid monoacetates, cortisone-21 acetate and cortisol-21 
acetate. In system V, one of the compounds migrated more rapidly than 
the diacetate of tetrahydrocortisol, suggesting the formation of a triacetate 
(14). The infrared absorption pattern of this acetylated derivative is 


-microns 
2 3 4 6 7 8 9 5 
T T 


=> 


| 


cm"! 

Fia. 4. Infrared spectrum of an acetylated derivative of material from area 2, tenta- 


tively identified as the triacetate of reduced 68-hydroxycortisol (pregnane-118,17a-diol- 
20-one-3a, 68,21-triacetate). 


shown in Figure 4. Chromic acid oxidation of this derivative resulted in 
a compound with an increased migration rate, presumably as a result of 
conversion of a hydroxyl to a keto group in a group unprotected by acetyla- 
tion. On the basis of these data it is suggested that the parent compound 
probably was characterized by the empiric formula CxO, a dihydroxy- 
acetone side-chain, a saturated A ring, an hydroxyl group at carbon 11, 
and three hydroxy] groups capable of being acetylated (11). Since the sub- 
stance was present in extracts prepared before and after hydrolysis, 
it appeared that the hydrolysis procedure had rendered an additional 
quantity extractable. One would predict that the A ring and 3-ketone 
reduced derivative of 68-hydroxycortisol (pregnane-3a,68,118,17a,21- 
pentol-20-one) would behave as does this unknown compound, and we 
have postulated that this may be the structure of this compound. 


by 
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Area 3. Material in this area was most abundant in the ethyl acetate 
extracts of urine not subjected to hydrolysis. This zone consistently con- 
tained the greatest amount of material stainable with alkaline blue tetra- 
zolium. Absorbance of ultraviolet light on paper and in methanol (maxi- 
mum, 237 my), as well as positive findings with the soda fluorescence 
test, suggested a A‘, 3-ketone configuration. Reaction of the eluted material 
with acid-phenylhydrazine resulted in a substance with peak light absorb- 
ance at 410 mu. After acetylation, the rate of migration of this substance 
in system II was identical with that of the known diacetate of 68-hydroxy- 
cortisol.! Sodium bismuthate oxidation of the parent substance resulted 
in a compound with the same rate of migration on paper as the sodium 
bismuthate oxidation product of authentic 68-hydroxycortisol. Chromic 
acid oxidation of the acetylated derivative of this compound increased 
slightly its mobility as compared with the untreated diacetate of authentic 
68-hydroxycortisol. Material suitable for infrared studies could be obtained 
only after further purification on a Celite? column using the solvent sys- 
tem, benzene:ethyl acetate:methanol:water (50:50:50:25, v/v). Max- 
imum light absorption at 237 mu was present in tubes 7 and 8 when 2-Gm. 
portions of Celite were employed and 2-ml. aliquots were collected. This 
material was acetylated and repurified on a Celite column using the solvent 
system, benzene:methanol:water (200:160:40, v/v). Maximum light 
absorption at 237 my was present in tubes 5 and 6 when 2-Gm. portions 
of Celite were used and 5-ml. aliquots collected. The infrared spectra of 
' this material and the diacetate of authentic 68-hydroxycortisol similarly 
acetylated and purified are shown in Figure 5. Area 3, therefore, was 
largely 68-hydroxycortisol (A*-pregnene,68,118,17a,21-tetrol-3,20-dione). 

Area 4. Material in this area was usually the least abundant and was 
not always present. In a few specimens it was present in relatively large 
amounts in the free fraction, however. It stained with blue tetrazolium 
and absorbed ultraviolet with a maximum at 243 my. Findings were 
positive with the soda fluorescence test. The material behaved similarly 
to the diacetates of polar steroid standard compounds after its acetylation, 
and yielded a derivative with acid phenylhydrazine for which the maxi- 
mum light absorption was at 410 my. Its behavior was identical under each 
of these conditions to that of 2a-hydroxycortisol' (A‘-pregnene-2a,118,17«a,- 
21-tetrol-3,20-dione) and it has been thus tentatively identified. Quantities 
sufficient for infrared analysis have not yet been isolated. 


1 Gifts of authentic 66-hydroxycortisol and 2a-hydroxycortisol were obtained from 
Dr. M. Lewbart and Dr. Frank Ungar. 
2 Obtainable from Johns-Manville Co. 
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Fia. 5. Infrared spectra of authentic 68-hydroxycortisol diacetate (above) and 
the diacetate of the substance from area 3 (below). 


Quantitative Studies 


It was apparent from the paper chromatogram studies that methylene 
dichloride extraction of steroids more polar than tetrahydrocortisone be- 
came progressively more inefficient as the polarity of the steroid increased. 
Conversely, little if any tetrahydrocortisone, cortisol and cortisone re- 
mained in the urine after methylene dichloride extraction. Some tetrahy- 
drocortisol, however, remained to be extracted with ethyl acetate. An arbi- 
trary decision was made to quantitate the Porter-Silber chromogens in each 
of the 4 extracts obtained, using the extraction scheme in Figure 1. For the 
studies reported here, the partition “spectrum” of the two extracting sol- 
vents against urine is represented schematically in Figure 6. The chromato- 
grams indicated that neither the methylene dichloride fraction nor the 
ethyl acetate fraction represented a true physiologic entity, since there 
were undoubtedly very polar metabolites remaining in the urine residues. 
Ethyl acetate alone has been found to extract this entire pattern of ster- 
oids without the preliminary use of methylene dichloride. The well estab- 
lished clinical laboratory procedures for determination of total urinary 
17-hydroxysteroids extractable with chloroform or methylene dichloride 
form a valuable reference point for the clinician, however. These values, 
therefore, have been reported separately here, in order to retain a familiar 
(if not physiologic or chemical) landmark. The additional quantities ex- 
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tracted by ethyl acetate have been tabulated and may be compared with 
the widely accepted values of the methylene dichloride extract. The 
results thus tabulated are presented in Table 1. Except that the total 
Porter-Silber reacting material was increased by 23 per cent upon further 
extraction with ethyl acetate, little additional information not already 
presented in the foregoing qualitative studies was gained. The secondary 
ethyl acetate extraction increased the yield of free steroid by 58 per cent 
over the yield extracted by methylene dichloride alone. This observation 
was in agreement with the estimate made on the basis of blue tetrazolium 
staining on the chromatograms. Since additional quantities were also ex- 
tracted by ethyl acetate after hydrolysis, the mean ratio of free to total 
steroids found in this study (24 per cent) remains unchanged from that 
reported earlier from this laboratory. By contrast, similar studies. in this 
laboratory of the free steroid fraction of the urine from normal children 
and adults have consistently demonstrated that less than 7 per cent of the 
total steroid excretion was in this form. 

Quantitative studies of the excretion of unmetabolized cortisol were 
made by a method of isotope dilution on 34.urine specimens from newborn 
infants. Extraction was performed by methylene dichloride, and in 14 
instances re-extraction was performed with ethyl acetate. The results, 
presented in Table 2, confirmed the estimates made from the chromato- 
grams. In this group, cortisol accounted for 9.2 per cent of the free Porter- 
Silber chromogens and only 1.6 per cent of the total steroids, as estimated 
by the Porter-Silber reaction after methylene dichloride extraction. These 
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TABLE 1. PorTER-SILBER CHROMOGENS EXTRACTABLE FROM THE URINE OF NORMAL 
INFANTS WITH METHYLENE DICHLORIDE FOLLOWED BY ETHYL ACETATE* 


Methylene dichloride extracts Ethyl] acetate extracts 
Total 
D ay of Released Released (MeCl, 
life Free by Total Free by Total | +EtAc) 
incubation incubation 

1 7.6 7.6 15.2 2.9 8.6 11.5 26.7 
2 6.7 15.3 22.0 8.6 7.6 16.2 38.2 
3 34.4 158.8 193.2 28.7 10.5 39.2 232.4 
3 81.3 162.5 243.8 8.6 30.6 39.2 283.0 
3 5.7 42.5 48.2 0.9 3.8 4.7 52.9 
4 17.2 44.8 62.0 3.4 0.6 4.0 66.0 
4 25.5 274.1 299.6 13.2 23.6 36.8 336.4 
4 65.9 114.7 180.6 51.6 23.9 75.5 256.1 
4 23.9 60.3 84.2 10.5 6.7 17.2 101.4 
4 63.1 283.4 346.5 40.2 21.2 61.4 407.9 
5 14.3 35.4 49.7 8.6 18.2 26.8 76.5 
5 44.0 149.3 193.3 21.0 | . 62.2 83.2 276.5 
5 58.4 265.0 323.4 71.8 64.1 135.9 459.3 
5 52.0 478.3 530.3 19.8 28.4 48.2 578.5 
6 74.7 250.5 325.2 32.1 26.5 58.6 383.8 
6 8.6 22.0 30.6 7.6 5.7 13.3 43.9 
6 63.1 468 .6 531.7 48.8 79.4 128.2 659.9 


* All values in cortisol equivalents (ug. per 24 hours). 


values decreased when the ethyl acetate fractions were also considered 
since the cortisol value remained unchanged while the total P-S value 
rose about 25 per cent. This suggested that cortisol was well metabolized 
by these normal newborn infants, but indicated a unique pattern of steroid 
metabolism at this age. 


Studies of the Origin of the Polar Steroids 


An increased excretion of 68-hydroxycortisol in late pregnancy has been 
previously reported (16). It was of interest, therefore, to determine if the 
infant himself could produce this steroid. Earlier studies of 3 infants each 
given an intravenous injection of 10 mg. per Kg. of cortisol have been 
reported from this laboratory (17). Chromatography of the extracts of 
the urine from these infants revealed large increases in the content of 
polar steroids. Similar results were also obtained in a 6-day-old infant 
receiving a single large dose of cortisone. The 68-hydroxycortisol excreted 
by the latter infant was increased to a level which permitted (for the first 
time in this laboratory) an infrared spectral analysis of material from a 
single urine specimen. 
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TABLE 2. FREE CORTISOL, AND PORTER-SILBER CHROMOGENS (FREE AND RELEASED 
BY INCUBATION) IN THE URINE OF NORMAL NEWBORN INFANTS 


Free P-S chromogens P-S chromogens released by 
(ug./24 hrs.) Cortisol incubation (ug./24 hrs.) 
(ug./24 
1 7.6 2.9 10.5 1.0 7.6 8.6 16.2 
1&2* | 210.0 — 22.39 1350.5 
2 6.7 8.6 15.3 1.53 15.3 7.6 22.9 
3 31.8 1.19 82.42 
3 81.3 8.6 89.9 6.15 162.5 30.6 193.1 
3 20.7 3.65 21.1 
3&4f | 103.8 7.86 483 .6 — 
4 29.0 3.48 110.62 
4 65.9 51.6 117.5 2.82 114.7 23.9 138.6 
4 23.9 10.5 34.4 1.0 60.3 6.7 67.0 
5 58.36 71.76 | 130.12 | 30.6 265.02 | 64.10 | 329.12 
5 8.4 1.19 33.46 — 
3,4,5&6t) 204.0 137.0 341.0 7.29 1060.08 | 173.33 | 1233.4 
5 15.2 — 2.11 176.5 
5 52.0 19.8 71.8 2.16 478.3 28.4 506.7 
5 14.3 8.6 22.9 3.75 35.4 18.2 53.6 
6 74.7 32.1 106.8 3.62 250.5 26.5 277.0 
6 8.6 7.6 16.2 2.48 22.0 5.7 27.7 


* Pool of 24-hour specimens from 7 infants. 
+ Pool of 24-hour specimens from 4 infants. 


t Pool of 24-hour specimens of 4 infants. 


In a further study, a 6-day-old male infant, in good health except for 
the presence of a large anterior encephalocele, was given an intravenous 
injection of 0.3 ue. of radioactive cortisol (cortisol-4-C™)* with 5.64 mg. 
of carrier cortisol‘ in normal saline. Collections of urine were made in six- 
hour aliquots for three days and analyzed as described previously. In 
addition, the carbon radioactivity of the various chromatogram strips was 
measured in 0.5-cm. increments, using a gas flow counter (Forro Scientific 
Company). Figure 7 is a schematic representation of the relative intensity 
of the chromatogram radioactivity from the pooled methylene dichloride 
and ethyl acetate extracts (no hydrolysis) of the urine. Progressively 
polar solvent systems demonstrated the highly polar nature of the radio- 
active metabolites. Final assignment of the radioactivity peaks to specific 


3 Supplied by the Endocrine Study Section of the U.S.P.H.S. 
4 Generously supplied by The Upjohn Co., Kalamazoo, Michigan. 
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Fig. 7. Migration rates of Cy radioactivity extracted from urine (no hydrolysis) of a 
6-day-old infant after administration of cortisol 4-C™. The relative intensity of C™ ac- 
tivity in each area is denoted by the heavy line in a left to right direction. Migration 
rates of standard compounds are shown by areas in the chromatogram strips. 


steroids was not possible, since insufficient quantities were excreted to 
allow purification to a constant specific activity. This evidence suggested, 
however, that not only was the infant capable of forming polar metabo- 
lites from cortisol, but that he excreted a large proportion of the uncon- 
jugated cuetabolibee in this form. 

The possibility that this type of metabolism of cortisol ‘tania occur in 
the bowel lumen by means of enteric or bacterial enzymes was considered. 
Samples of meconium and stool from infants 1 to 7 days old were incubated 
for two and four hours with cortisol and cortisol-4-C" at 37° C. No polar 
metabolites of the nature described were found (Ulstrom and Burley, 


unpublished data). 


DISCUSSION 


The finding of significant quantities of highly polar corticosteroids in 
the urine of normal newborn infants has not been previously reported. 


4 
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The findings lend support, however, to a number of earlier studies which 
have suggested that the pathways of metabolism of steroid in the human 
newborn infant, although perhaps not in themselves unique, are different 
in important quantitative interrelationships from those in adults. Because 
of this difference, extrapolation for clinical usage of “normal’’ urinary 
steroid values from the adult or older child to the infant seems unsound. 
Basic studies, the purpose of which is to define the production and dispo- 
sition of steroids under varying influences of disease or adrenal stimula- 
tion, may also require unique interpretation when the laboratory methods 
used have not been evaluated specifically in the human newborn infant. 
The studies reported here suggest the possibility that the high percentages 
of free urinary steroid previously reported in the newborn infant may not 
be the result of a limited ability of the neonate to conjugate steroid with 
glucuronic acid, but rather may represent a deviation in metabolism at a 
point earlier than reduction of the A ring and the 3-ketone functions. If 
so, then factors other than a low level of glucuronyl transferase (e.g., a 
relative unavailability of material suitable for conjugation with glucuronic 
“acid) may primarily account for the low excretion of glucuronide conju- 
gates reported in newborn infants. 

The studies presented here do not settle the question regarding the 
site of origin of the very polar steroids normally present in the urine of 
neonates. The mother, the placenta, or the infant adrenal cortex are 
potential sources. Studies performed in this laboratory (unpublished) have 
failed to reveal significant quantities of polar steroids in umbilical cord 
plasma when quantities as large as 500 ml. have been examined by the 
methods used for studying urine. However, the marked difference in 
tetrahydrocortisol partition coefficients in plasma as compared with urine 
suggests that there is no organic solvent which is polar enough to extract 
efficiently from plasma such steroids as 68-hydroxycortisol. Hence, ma- 
ternal or placental contributions by way of the umbilical vein cannot yet 
be excluded. Methodology appropriate for studying this possibility is 
under investigation at the present time in this laboratory. 

The newborn infant’s adrenal cortex must also be considered as a pos- 
sible site of origin. Touchstone et al. (18) isolated 66-hydroxycortisol from 
adult human adrenal tissue. It seems logical that, regardless of the organ 
site of origin of this compound, its immediate precursor should be cortisol. 
The large amount of this polar steroid excreted in the urine of infants 
receiving large doses of cortisol and cortisone, substances which usually 
cause suppression of adrenocortical function, make it seem more likely 
that the liver or some organ other than the adrenal is involved in the 
hydroxylation under these conditions. 
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PRELIMINARY OBSERVATIONS ON PROLACTIN 
ACTIVITY IN HUMAN BLOOD*}+ 
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ABSTRACT 


Prolactin activity of human whole blood was concentrated by means of acid 
acetone extracts, using the Sulman method for the extraction of chromatopho- 
rotropic activity. These extracts were assayed by a single-injection local pigeon 
crop-weight technique. No prolactin activity was found in extracts obtained 
from the blood of children, of normal young men, and of normal young women 
in the first half of the menstrual cycle. On the other hand, extracts obtained 
from the blood (equivalent to 2.5 ml. whole blood) of young women in the sec- 
ond half of the menstrual cycle induced crop-weight responses of the same order 
of magnitude as induced by 0.05 1.v. of authentic prolactin, and activity 
greater than this was found in extracts obtained from the blood of lactating 
postpartum women. These observations constitute physiologic evidence that 
prolactin activity was measured, since prolactin activity was found only in 
those circumstances that would be expected on the basis of the known physio- 
logic activity of the hormone. Further physiologic evidence was provided by 
the disappearance of prolactin activity in the blood of adult female rats and an 
oophorectomized woman one to two weeks following hypophysectomy. 
Technically, the ability to confirm positive local prolactin assay results by posi- 
tive systemic assay results with the use of pooled extracts further supports the 
validity of these observations. The complete recovery of small amounts of 
prolactin by the Sulman extraction technique is another piece of technical evi- 
dence supporting the concept that prolactin activity was demonstrated in hu- 
man blood. 


LTHOUGH various bioassay methods for measurement of prolactin 
activity in pituitary extracts have been in existence for more than 
twenty years (1, 2), no satisfactory means of detecting prolactin activity 
in the body fluids of man and laboratory animals has been heretofore 
developed. The basic and traditional method of assay for prolactin has 
been founded upon the fact that the crop sac of the pigeon is specifically 
stimulated following the administration of prolactin. There are two major 
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types of pigeon crop-sac assays—the systemic and the local. The systemic 
method refers to the parenteral administration of prolactin. The local 
method, first described by Lyons (3), refers to the intradermal injection — 
of prolactin into the skin of the neck overlying the crop sac, with conse- 
quent localized thickening of the crop sac in the area just underlying the 
site of injection. Systemic methods of assay have proved to be too insensi- 
tive to pick up the small amounts of prolactin present in body fluids. The 
local method is 100 to 10,000 times more sensitive than the systemic 
method. After critically evaluating previous studies with the local method, 
Bahn and Bates (4) in 1956 stated that ‘‘there seems to be no unequivocal 
biologic or biochemical evidence to establish the presence of measurable 
amounts of pituitary prolactin in human serum or urine.” The principal 
criticism of previous studies with the local method was the failure or 
inability to confirm positive serum or urine results by the local method 
with positive results by systemic assay. ° 

The purpose of this paper is to present new physiologic and technical 
evidence of the presence of prolactin activity in human blood by employ- 
ment of an acid-acetone extract of whole blood assayed in pigeons by a 
single-injection local crop-weight technique. In this study, blood extracts 
under certain physiologic conditions were capable of inducing positive 
crop-weight responses after both local and sytemic modes of administra- 
tion. These observations are preliininary in the sense that the statistical 
treatment of the quantitative aspects of the bioassay procedure is not 
fully developed in this report. The statistical basis of the assay will be 
treated more extensively in a future report from this laboratory. 


METHODS 


Extraction of prolactin activity from blood 

Acid-acetone extracts of 10-ml. aliquots of whole blood were obtained using the Sul- 
man method for the extraction of chromatophorotropic activity of human blood (5). 
The essential features are as follows: 10 ml. of whole blood is drawh and immediately 
transferred to a bottle containing 20 ml. of acetone and 0.1 ml. of glacial acetic acid. 
The resulting suspension is filtered, and the filtrate is saved. To the filtrate are added 
60 ml. of acetone and 10 ml. of ether. The solution is allowed to stand overnight in the 
cold room, during which time a precipitate forms. Next day, the supernatant fluid is 
decanted, and the precipitate is washed with ether and allowed to dry. The precipitate 
is dissolved in 1.6 ml. of 1/20 N sodium hydroxide, and the pH is adjusted to 6.8 +0.2. 
The total volume of the final extract is approximately 2 ml., and is equivalent to 10 ml. 
of whole blood. Each pigeon receives an injection of 0.5 ml. of this final extract (equiva- 
lent to 2.5 ml. of whole blood). Control birds receive injections of the vehicle (sodium 
hydroxide solution adjusted to pH 6.8), in a volume of 0.5 ml. per bird. 


Prolactin assay technique 
The blood extracts were assayed by the single-injection local pigeon crop-weight 
technique previously described by us (6), using the increase in the weight of the crop 
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sac as the end-point. The details are as follows: 0.5 ml. of test solution is injected intra- 
dermally into the skin overlying the right side of the crop sac of the pigeon. Six-week-old 
White King pigeons are used.' The bird is sacrified forty-eight hours later and the right 
crop sac dissected out. This crop sac is washed, blotted dry and stretched out over a 
wooden board. A standardized area of crop sac is cut out with a cork borer, 3 em. in 
diameter. This area is the central portion of the lateral aspect of the right side of the 
crop sac, which is clearly delineated as a sort of cup surrounded by ridges when the 
neck is incised and laid open. This is the area which exhibits either the first evidence of 
stimulation or the maximal degree of stimulation following the administration of pro- 
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Fia. 1. Prolactin dose-response curve. The abscissa (dose) is on a linear scale. 
The ordinate (crop weight) is on a logarithmic scale. 


lactin. This piece is weighed on a balance. Controls consist of the crop sacs of birds 
similarly treated with the vehicle for the solution tested, thus helping to obviate non- 
specific responses. Three birds were used per assay. The end-point of the assay is the 
increase in weight of the crop sac compared to that of the control. 

Figure 1 shows the dose-response curve obtained with doses of 0.005, 0.05, 0.5 and 5.0 
1.U. of the International Prolactin Standard supplied by the U. 8. Pharmacopeia, using 
6 birds per dose. This curve shows the mean of the responses obtained on 8 consecutive 
assays performed at two-week intervals. These dose-response data were obtained at a 
time subsequent to the blood extract data reported in this paper. The mean increases in 
crop weight induced by each dose of prolactin as compared to those induced in control 
birds receiving a simultaneous injection of water were as follows: 0.005 1.v., 11 mg.; 
0.05 1.u., 20 mg.; 0.5 1.U., 54 mg.; and 5.0 1.u., 142 mg. Using the sign test, it was estab- 
lished that the 0.005-1.u. dose produced a significant (P =0.008) effect compared with 
that in the water controls, since all groups showed greater crop responses than did the 


1 Obtained from Carpenter Squab Ranch, La Canada, California. 
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controls. When the standard deviations for the treated groups were tested against the 
standard deviation for the control birds receiving a simultaneous injection of water, the 
0.05-1.u. dose induced the first significant minimal response in the assay. 

For the purposes of this paper, there will be no further presentation of the statistical 
treatment of the dose-response curves, such as lambda, shape of the curve, and linearity. 
These aspects will be treated more fully in a subsequent publication. For this reason, the 
final statistical expression of the assay data is not presented here. It should be mentioned 
that there was a definite variation in successive dose-response curves, a large part of 
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Fig. 2. Crop-weight responses to single local injections of extracts 
of whole blood obtained from normal human subjects. 


which was due to seasona) variation (unpublished observation), not unlike that pre- 
viously reported for the systemic intramuscular assay by Bates and Riddle (7) and by 
Hall (8). Therefore, a simultaneous assay of prolactin standard (0.05 1.v.) and of 
water were run with each assay of blood extract in this study. 


RESULTS 
Crop-weight responses to single local intradermal injections of extracts of 


whole blood from normal human subjects 
The results of assays of blood extracts obtained from normal subjects 
under various physiologic circumstances are shown in Figure 2. The dots 
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represent the mean increase in pigeon crop weight (milligrams) obtained 
with injections of the blood extracts as compared to injections of the 
control vehicle. The vertical lines represent the standard error of the 
mean. The aliquot of each blood extract assayed was equivalent to 2.5 
ml. of whole blood. For purposes of orientation, it can be seen that 0.05 
1.U. of prolactin induced a mean crop-weight increase of 28+6.1 mg.; 
this value represents the mean of 10 different assays. It should be empha- 
sized that an assay on birds receiving this dose of prolactin was run 
simultaneously with an assay on birds receiving injections of water, as 
controls for each blood extract assay. Thus, 28 mg. was the crop-weight 
response obtained with 0.05 1.v. of prolactin at the time that crop responses 
to the blood extract were being measured. The first assays were made on 
extracts of blood obtained from children between the ages of 4 and 10, 
and from lactating women three to four days post partum, because on 
physiologic grounds it was expected that the children would have no 
prolactin and that lactating women would have a great deal of prolactin 
in their blood. The results showed that extracts from the blood of 8 chil- 
dren contained no prolactin activity (increase in crop weight, 8 +4.37 mg.), 
whereas extracts from the blood of 13 lactating women contained a definite 
excess (49+8.58 mg.) compared to the crop-weight response induced by 
0.05 1.u. of prolactin. Following these observations, assays were made on 
extracts of blood obtained from normal young men and women between 
the ages of 18 and 35. It can be seen in Figure 2 that no prolactin activity 
’ was demonstrable in the extracts of blood from normal young men 
(6 +2.91 mg.) and from normal young women in the first half of the men- 
strual cycle (4+2.38 mg.). However, extracts of blood from women in 
the second half of the menstrual cycle induced a crop-weight increase of 
the same order of magnitude as that obtained with 0.05 1.v. of authentic 
prolactin. The mean increase of crop weight for women in the second half 
of the menstrual cycle was 21 +2.83 mg. as compared to 28 mg. for 0.05 
1.U. prolactin. 

Several months later, dose-response curves for single extracts of blood 
from each of 2 postpartum lactating women were obtained. The results 
are shown in Figure 3. Each assay was run on groups of 6 birds, and 
each bird received 0.5 ml. of extract. Different groups of birds received 
dilutions of blood extracts equivalent to doses of 1.66, 0.166 and 0.0166 
ml. of whole blood. Also shown in Figure 3 is a dose-response curve for 
authentic prolactin run at the same time. It can be seen that the per- 
centage changes and the slopes of the curves for the tenfold dilutions of 
blood extracts were comparable to those for the tenfold dilutions of pro- 
lactin, both in this figure and in the dose-response curve shown in Figure 1. 
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Crop-weight responses to intramuscular injections of pooled extracts of 
whole blood 


Procedure: Mindful of the admonition of Bahn and Bates (4) that posi- 
tive results with local prolactin assay of blood or urine extracts should 
not be considered meaningful unless corroborated by positive results with 
systemic assay, it was decided to pool several extracts in order to obtain 
enough prolactin activity to yield positive results when such extracts were 
injected by the intramuscular systemic route. Accordingly, 10-ml. aliquots 
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Fia. 3. Dose-response curves for single extracts of blood from.each of 2 postpartum 
lactating women. A simultaneously obtained dose-response curve for authentic pro- 
lactin is also shown. The abscissa (dose) is on a linear scale. The ordinate (crop weight) 
is on a logarithmic scale. 


of blood obtained from 10 different lactating postpartum women were 
individually subjected to extraction by the Sulman procedure, and the 
10 extracts were pooled. The pooled extract was injected intramuscularly 
into the pectoral region in a volume of 1 ml. per injection daily for four 
days in a group of 4 pigeons. The birds were sacrificed twenty-four hours 


after the last injection and both crop sacs removed, weighed, and measured 


in the manner already described. The same procedure was performed with 
the pooled extracts obtained from 10-ml. aliquots of blood from 10 chil- 
dren between the ages of 4 and 8. Thus, each of the 2 pooled extracts rep- 
resented 100 ml. of whole blood from either 10 lactating women or 10 
children. The total volume of each extract was 20 ml. Each bird received 
an injection of 4 ml. of extract, equivalent to 20 ml. of whole blood. As 
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controls, groups of 4 birds each received four daily intramuscular injec- 
tions of the vehicle alone. Also, groups of birds received injections of 
prolactin? intramuscularly for four consecutive days. 

Results: The results are shown in Figure 4. The columns represent the 
combined weights of both the right and left crop sac. The absolute crop 
weights for the test solution and for the corresponding vehicle (control) 
are depicted. The vertical lines represent the standard error of the mean. 
It is obvious that the systemic intramuscular administration of 4 ml. of 
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Fia. 4. Crop-weight responses to intramuscular injections 
of pooled extracts of whole blood. 


the pooled extract of blood from lactating women (equivalent to 20 ml. 
of whole blood) resulted in a significant increase in the weight of the crop 
sac (101 and 119 mg. respectively for pooled extracts I and I1)—an in- 
crease which was approximately the same as that obtained following the 
intramuscular administration of 8 1.u. of prolactin (113 mg.). Grossly, 
the crop sacs of these birds were unquestionably stimulated, as shown by 
thickening, ridging and hyperemia of the sacs. On the other hand, the 
systemic intramuscular administration of the pooled extract from the 


? The prolactin used in this study was Squibb Luteotrophin, kindly donated by the 
Squibb Institute for Medical Research. 
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blood of children did not cause either gross stimulation or an increase in 
the weight of the crop sac (increase in crop weight =9 mg.). 


Recovery of prolactin added to children’s blood 


Procedure: In order to evaluate further the meaning of the crop response 
elicited by the injection of extracts of blood from lactating women, it 
was decided to perform recovery experiments in order to test the efficacy 
of the Sulman method in the extraction of a small dose of prolactin added 
to blood. For this purpose, blood obtained from children between the ages 
of 4 and 8 was used, since it was determined that such blood contained 
no demonstrable prolactin activity. Accordingly, a 10-ml. sample of blood 


TABLE 1. RECOVERY OF PROLACTIN ADDED TO CHILDREN’S BLOOD 


Crop weight (mg.) Crop weight (mg.) 
Extract of Increase Increase 
Exp. Retrent of blood + in crop wt. Prolactin, | in crop wt. 
higad prolactin, (mg.) Vehicle 0.05 1.u. (mg.) 
0.05 
I 123 147 24 115 141 26 
II 104 171 67 114 130 16 
Ill 102 175 73 114 137 23 
Mean | 110+7.64* | 164+13.74 54 .114+5.83 | 136+6.48 22 
[9]** [9] [9] [9] 


* Mean and standard error of the mean. 
** Number of birds used for assay. 


was drawn and divided into two 5-ml. aliquots. Each aliquot was imme- 
diately transferred to a flask containing the acid-acetone extraction solu- 
tion. To one flask, 0.05 1.u. of prolactin was immediately added, whereas 
no prolactin was added to the second flask. Thereupon, the extraction 
procedure for each sample was completed and the extracts were assayed 
by the methods already described. Each assay was performed on a group 
of 3 birds. Since the volume of the final extract was 2 ml., it should be 


noted that each bird received an injection of 0.5 ml. of this extract, 


equivalent to 1.25 ml. of whole blood and containing 0.0125 1.v. of pro- 
lactin, assuming complete recovery. 

Results: Three separate recovery experiments were performed at inter- 
vals of one to two weeks. The results of each experiment, as well as the 
mean values for all 3, are shown in Table 1. It can be seen that there 
was greater than 100 per cent recovery of prolactin activity in 2 of the 3 


¢ 
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experiments, whereas in the third the recovery was just about complete. 
The mean increase in crop weight induced by extracts of blood (equivalent 
to 1.25 ml. of whole blood) with added prolactin (0.0125 1.u.) was 54 mg. 
as compared to 22 mg. induced by the direct injection of 0.05 1.v. of 
prolactin alone. Thus it is safe to conclude that by the Sulman extraction 
technique, there was complete recovery of 0.05 1.u. of prolactin added to 
children’s blood. This is in the range of prolactin activity detected in the 
blood of lactating women and of normal women in the second half of the 
menstrual cycle. 


The effect of hypophysectomy on prolactin activity in whole blood of an adult 
human female and of female rats 


Procedure: In order to test further the specificity of the foregoing results, 
it was decided to assay extracts of blood, from hypophysectomized organ- 
isms. This was carried out on blood obtained from human subjects and 
from rats. 

Two 10-ml. pools were collected of whole blood obtained from 4 to 6 
hormal adult female Long-Evans rats weighing 220 to 230 Gm. Similarly, 
a 10-ml. pool was collected of whole blood obtained from hypophysecto- 
mized adult female Long-Evans rats weighing 220 to 230 Gm. Each pool 
was subjected to extraction and assayed by the local method. 

Blood was also obtained from a 42-year-old oophorectomized woman 
who was surgically hypophysectomized for treatment of metastatic car- 
- cinoma of the breast. The blood samples were drawn before surgery and 
seven and fourteen days following hypophysectomy. 

Results: The results are shown in Figure 5. The columns represent the 
absolute weights of the right crop sac taken from birds receiving injections 
of blood extracts and from the corresponding control birds receiving in- 
jections of vehicle only. The vertical lines represent the standard error of 
the mean: 

In the animal experiments, it can be seen that the definite increase in 
crop weight induced by local injection of extracts of blood from normal 
rats (50 mg. respectively for Samples I and II, with ¢ values of 5.6 and 
3.2) was absent after local injection of the extract of blood from hypophy- 
sectomized rats. Thus, the blood of normal adult female rats contained a 
significant amount of prolactin activity, whereas that of hypophysecto- 
mized adult female rats contained none. 

In the case of the oophorectomized patient, prior to hypophysectomy 
the local injection of her blood extract (equivalent to 2.5 ml. of whole 
blood) induced an increase in crop weight of 33 mg., with a ¢ value of 
8.3—a response of the same magnitude as that elicited by 0.05 1.v. of 
authentic prolactin. This blood prolactin activity was abolished following 
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Fig. 5. The effect of hypophysectomy on prolactin activity in whole blood of 
adult female rats and of an adult oophorectomized human female. 


hypophysectomy. Seven days after surgery, the crop-weight increase was 
12 mg., with a ¢ value of 1.01; and fourteen days after surgery, the crop- 
weight response was —4 mg. 


DISCUSSION 


In earlier work from our laboratory some observations were made on 
the crop-weight response to local injections of untreated human serum (9). 
The gist of these observations was that some sera elicited ‘‘positive”’ 
responses and some “‘negative’’ responses, as determined by the gross 
appearance and the weight of the crop sacs. However, it was found that 
the local injection of certain protein substances induced a nonspecific 
clouding of the crop sac and an increase in crop weight of variable degree. 
The proteins tested included human serum albumin, chorionic gonado- 


- tropin, thyrotropic hormone and pooled human gamma globulin. Gamma 


globulin, in particular, caused a marked increase in crop weight. More- 
over, the systemic intramuscular and systemic intradermal administration 
of untreated human serum failed to induce either gross stimulation or 
increase in the weight of the crop sac. 

In view of these facts, an attempt was made to extract or concentrate 
prolactin activity from serum or urine. Several procedures were tried 
without success in terms of usefulness for the micro procedure employed 
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by us. Local injections of these extracts or concentrates resulted in non- 
specific crop-weight responses. The recovery of added prolactin by these 
methods was extremely poor. The systemic administration of these ex- 
tracts and concentrates also failed to induce stimulation of the crop sac. 
Among the procedures which we tried were the following: the Lyons and 
Page acid-acetone extraction procedure for urine (3); an adaptation of 
the Lyons acid-acetone tissue extraction method (10) modified for the 
obtaining of serum extracts; dialysis and concentration of urine by the 
method of Meites and Turner (11); and testing of serum protein fractions 
as carried out by the methods of Kingsley (12) and Cohn and Wolfson 
(13, 14). 

After these earlier unsuccessful attempts, this investigator came upon 
an extraction method which proved to be a successful means of extracting 
prolactin activity from the whole blood of patients and animals. This was 
the Sulman acid-acetone extraction procedure used in the present study— 
a method not previously used by other investigators in this field. It is 
quite similar to the well-known Lyons and Page acid-acetone extraction 
procedure for urinary prolactin (3), and this is what originally aroused 
our interest in the Sulman method. The Sulman procedure differs from 
previous serum and urine extraction or concentration methods in two 
principal features: 1) whole blood is used, rather than serum or plasma; 
and 2) the sample of whole blood is transferred to the acid-acetone solu- 
tion immediately after being drawn from the subject, 7.e., the blood 
’ proteins are immediately precipitated without allowing the blood to 
stand. According to Sulman (5), ‘‘this procedure inactivates the hormone- 
decomposing enzymes of the blood and precipitates the inert proteins.” 
He makes a specific point that ‘it is important that blood kathepsins be 
immediately destroyed before they inactivate the chromatophorotropic 
hormone.” 

The final blood extract as prepared by the Sulman procedure and used 
by us in this study contains chromatophorotropic activity and probably 
corticotropic (ACTH) activity as well as prolactin activity. We used the 
exact procedure as outlined by Sulman and did not add any steps toward 
purification of prolactin. That ACTH activity is probably present in this 
extract is deduced from the fact that the Sulman procedure is essentially 
the same (with the exceptions already noted) as the acid-acetone extrac- 
tion method of Lyons and Page. Lyons (10) and Moon (15) showed that 
this extraction yielded both ACTH and prolactin activities which could 
be separated in further purification steps, which we did not carry out with 
the extracts in our study. 

In this report there is one finding that is at variance with the results of 
previous investigators, namely, the absence of prolactin activity in the 
extracts of blood from normal young men. Lyons (3, 16), Meites and 
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Turner (11), and Coppedge and Segaloff (17) have all reported prolactin 
activity in the urine of normal young males. Our observation in this 
report of a cyclic variation in blood prolactin activity in normal young 
women is generally in agreement with similar previous observations on 
urinary prolactin activity by Coppedge and Segaloff (17) and Ehrhardt 
and Voller (18). 


17. 
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METABOLIC AND RENOTROPIC EFFECTS OF 
HUMAN GROWTH HORMONE IN DISEASE*t+ 
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ABSTRACT 

The renotropic and metabolic effects of human growth hormone were 
studied in 2 patients with hypopituitarism, 1 with cirrhosis of the liver and’ 2 
with chronic nephritis and uremia. The dosage was 5 to 10 mg. a day for three 
to nine days. The plasma urea level and urea excretion decreased promptly in 
all subjects. The blood phosphorus and glucose levels increased gradually, and 
phosphorus excretion decreased. A renotropic effect was shown by the prompt 
increases in endogenous creatinine clearance and in phosphorus reabsorption. 
' In the patient with cirrhosis of the liver who had hypocholesterolemia and 
hypoalbuminemia, the serum cholesterol and albumin levels increased, suggest- 
ing that liver function was stimulated. These results emphasize the important 
role of the growth hormone in adult man, and suggest its use as a therapeutic 

agent in certain diseased states. 


ROWTH hormones derived from ox and hog pituitaries have a wide 

variety of actions in animals. These actions include stimulation of 
protein anabolism and of fat metabolism, inhibition of carbohydrate 
metabolism, elevation of the level of plasma inorganic phosphorus, and 
augmentation of various renal functions (4-7). 
** Animal growth hormones are, however, inactive in man. On the other 
hand, adult human pituitary glands contain large amounts of growth 
hormone (8), and purified extracts of these glands are metabolically active 
and induce nitrogen retention and growth in man (1, 9, 10). In view of 
the diverse actions ascribed to the hormone, we have explored the acute 
metabolic and renotropic effects of the human hormone in diseased states. 
The conditions selected were those which the hormone might be expected 
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* Preliminary reports of these data were presented at the 11th Annual Meeting of the 


Gerontological Society, October 1958 (1); the 82nd Annual Meeting of the American 
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Endocrine Society, June 1959 (3). 
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to benefit, namely, hypopituitarism, cirrhosis of the liver with hypo- 
proteinemia, and impaired renal function with uremia. This paper reports 
the initial observations in 5 patients, using a preparation prepared by the 
Wilhelmi method. 


MATERIALS AND METHODS 


Procedure 


The growth hormone was prepared by Dr. Alfred E. Wilhelmi from pituitaries re- 
moved at autopsy. This preparation contained some intermedin activity and low-order 
(1 per cent or less) contaminations with follicle-stimulating hormone (FSH), thyroid- 
stimulating hormone (TSH) and prolactin. A dose of 25 ug. induced a daily weight gain 
of 1 gram in immature hypophysectomized rats. The preparation dissolved readily in 
dilute sodium hydroxide and was kept frozen until used. 

Injections were given intramuscularly once a day in 4 of the 5 patients studied, and 
twice a day in the remaining patient (Subject PA). No reactions to the hormone were 
observed. 

The control periods in each subject consisted of at least three days of observation. 
Urines were collected and analyzed in 24-hour samples. Patients were in the fasting 
state when blood was drawn. Glucose was determined by the Nelson-Somogyi method 
(11), urea by the method of Seligson and Seligson (12), inorganic phosphorus by the 
method of Fiske and SubbaRow (13), creatinine by the method of Bonsnes and Taussky 
(14), cholesterol by the method of Zak et al. (15), sodium and potassium by flame pho- 
tometry, and serum proteins by electrophoretic analysis. Phosphorus reabsorption 
(TRP) was calculated as the percentage of the filtered phosphorus reabsorbed, using 
the formula 

Pro X GFR — UraV 
Ppo, X GFR 


x 100. 


Patients 

Five patients were studied. Subjects PA and MA had postpartum hypopituitarism, 
AC and AY had chronic nephritis and uremia, and KA had cirrhosis of the liver and 
ascites. Subjects PA and MA received the regular diet, AC a low-protein diet, and AY 
and KA a sodium-restricted diet. The diets were kept constant during the investigation. 
No patient manifested a significant change in weight during hormonal treatment. 

PA was a 43-year-old woman in whom panhypopituitarism had developed after 
pregnancy. She exhibited hypogonadism, hypotension and hypothyroidism. Prior to, 
and during, the studies she was treated with 25 mg. of cortisone daily. 

MA was a 40-year-old woman in whom hypoadrenalism had developed following 
pregnancy. She had frequent episodes of hypotension, with hyponatremia and hypo- 
glycemia. She was treated with 50 mg. of cortisone daily. 

AC was a 23-year-old man who had chronic glomerulonephritis. His blood pressure 


~ was 180/100 mm. Hg and he had marked albuminuria. Several weeks before the study, 


hyponatremia developed associated with nausea and vomiting, and daily infusions of 
glucose and saline were required. The infusions were discontinued prior to the study. 
Vomiting continued and after three days of treatment the hormone was discontinued 
and the infusions were reinstituted. 

AY was a 38-year-old woman with chronic glomerulonephritis and congestive heart 
failure. She had hypertension (210/130 mm. Hg), albuminuria and edema. After de- 
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livery of a six-month fetus three months previously she had become progressively more 
ill. The blood urea level increased steadily and she suffered from headaches, nausea, 
episodes of mental confusion, and convulsions. She was receiving digitalis and chlorpro- 
mazine. After five injections of growth hormone, her blood pressure decreased to 150/90 
mm. Hg and remained at this level. Her general condition, however, continued to deteri- 
orate during the hormonal treatment, and during the last two days she ate and drank 
very little. Thirty-six hours after the last injection of hormone, a cerebrovascular acci- 
dent occurred. The patient had a grand mal convulsion and died shortly thereafter. 

KA was a 45-year-old man with Laennec’s cirrhosis of the liver and severe ascites 
and edema. He was resistant to diuretics and required frequent paracenteses. He re- 
ceived a high-carbohydrate, moderate-protein, low-sodium diet. 


RESULTS 
Hypopituitarism 

In Subject PA, growth hormone treatment was started with 1 mg. a 
day and was increased gradually to 10 mg. a day (Fig. 1). Urea and phos- 
phorus excretion decreased on the first day and remained low during the 
period of treatment. The plasma urea concentration decreased promptly 
during the period of 5-mg. dosage. The levels of blood glucose and phos- 
phorus increased gradually and remained elevated for at least two days 
after treatment was stopped.! 

Subject MA was treated with 10 mg. a day for three days (Fig. 2). 
The changes were qualitatively similar to those in Subject PA, but the 
decreases in plasma urea concentration and in urea excretion were greater 
_and occurred more promptly. 

With a dosage of 5 mg. daily, no significant change in urine output or 
in sodium and potassium excretion occurred in Subject PA. With 10 mg. 
a day, sodium excretion decreased temporarily. In Subject MA, potassium 
excretion decreased and the urinary sodium/potassium ratio increased on 
the third day of treatment. The rate of excretion of a water load (1000 ml.) 
was measured in both patients before treatment and again one day after 
the last injection of hormone. In Subject PA, who was receiving 25 mg. 
of cortisone a day, water excretion was initially retarded and was not 
increased by treatment with growth hormone; 15 per cent of the load 
was excreted in three hours, before and after treatment. Subject MA, 
who was receiving 50 mg. of cortisone a day, excreted 77 per cent of the 
water in two hours and 90 per cent in three hours before treatment, and 
94 per cent in two hours and 100 per cent in three hours after treatment. 


1 No antihormone production could be demonstrated in this patient. Sera were ob- 
tained before treatment, on the seventh day of treatment, and two and twelve days 
after cessation of treatment. Doses of 0.4 ml. of sera and 40 ug. of the hormone were 
injected daily for eight days into hypophysectomized rats without evidence of an anti- 
growth hormone effect. 
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Fig. 1. Effect of growth hormone in Subject PA (panhypopituitarism), 
maintained with 25 mg. of cortisone daily. 


Chronic nephritis and uremia 


Subject AC was treated with 10 mg. of growth hormone for three days 

(Fig. 3). The blood urea level, which was increasing before treatment, 
decreased after the third injection from 245 mg. per 100 ml. to 203 mg. 
per 100 ml. The level remained low for a day after the hormone was 
stopped. Urea and phosphorus excretion also decreased on the third day 
of treatment. The elevated serum phosphorus concentration temporarily 
decreased on the first day from 9.5 mg. per 100 ml. to 8.3 mg. per 100 
ml., and then increased. Blood glucose concentration increased promptly 
and returned to the original level a day after treatment. The elevated 
blood pressure was unchanged. 

Subject AY was treated for a total of eight days. Growth hormone was 
given in a dosage of 10 mg. daily for five days, then 5 mg. daily for three 
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days (Fig. 4). The plasma urea level decreased promptly. Urea and phos- 
phorus excretion were variable and decreased to the lowest values on the 
fifth and third day of treatment, respectively. The blood glucose level 
increased slowly and the elevated plasma phosphorus level decreased 
temporarily and then increased. On the third day of treatment, at which 
time the plasma urea level had decreased to 105 mg. per 100 ml., the 
patient had another episode of twitching and convulsions. On the sixth 
day the dosage of growth hormone was decreased to 5 mg. a day. The 
patient’s condition continued to deteriorate and she became anoretic and 
oliguric. At this time, urea and phosphorus excretion decreased and the 
plasma urea level increased. 

In both patients the changes in sodium and potassium excretion were 
variable and difficult to interpret because of the severity of the illness and 
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Fia. 2. Effect of growth hormone in Subject MA (hypoadrenalism), 
maintained with 50 mg. of cortisone daily. 
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Fia. 3. Effect of growth hormone in Subject AC (chronic nephritis and uremia). 


the decrease in fluid intake. Sodium excretion decreased in association 
with a reduction in urine output, and the urinary sodium/potassium ratio 
decreased during treatment in both patients. 

The serum calcium levels remained constant during treatment—8.3 mg. 
per 100 ml. in Subject AC, and 7.9 mg. per 100 ml. in Subject AY. 


Cirrhosis of the liver with ascites 


Subject KA was treated with 10 mg. of growth. hormone daily for six 
days (Fig. 5). The plasma urea level decreased to 10 mg. per 100 ml. and 
then gradually increased. Urea excretion decreased on the second day and 
then increased in association with the administration of Mercuhydrin and 
the ensuing diuresis. Phosphorus excretion decreased promptly, increased 
temporarily after Mercuhydrin, and remained low until two days after 
growth hormone therapy was stopped. The plasma phosphorus level 
temporarily decreased and then increased. The concentration of blood 
glucose increased. 
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Fia. 4. Effect of growth hormone in Subject AY (chronic nephritis and uremia). 


The urine output and sodium and potassium excretion were unchanged, 
and the weight remained constant. The diuretic response to Mercuhydrin 
was measured before hormonal treatment and again after three and five 
days of administration of hormone; the resulting increases in urine output 
and electrolyte excretion were similar in magnitude both before and after 
hormonal treatment. 


Serum proteins and cholesterol 


The serum cholesterol and serum protein values in all 5 subjects are 
summarized in Figure 6. The changes in serum cholesterol concentration 
were variable. In Subjects PA and MA the level remained constant, and 
in Subjects AC and AY it decreased. In Subject KA the serum cholesterol 
level was initially low, increased from 122 mg. per 100 ml. to 215 mg. per 
100 ml. during treatment, and then decreased to the original level after 
treatment was stopped. 

The changes in serum proteins were also variable. Significant changes 
were observed in Subjects MA and KA. In Subject MA the total proteins 
increased from 6.3 Gm. per 100 ml. to 9.3 Gm. per 100 ml., the increase 
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Fia. 5. Effect of growth hormone in Subject KA (cirrhosis of the liver and ascites). 
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Fia. 6. Summary of the changes in the serum levels of cholesterol 
and protein in the 5 patients. 
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involving principally the albumin and beta-globulin fractions. In Subject 
KA the total proteins increased from 6.2 Gm. per 100 ml. to 7.3 Gm. 
per 100 ml, the albumin fraction increasing from 1.7 Gm. to 2.4 Gm., 
and the gamma-globulin fraction from 2.3 Gm. to 2.7 Gm. per 100 ml. 
In the latter patient the increase in serum albumin concentration lasted 
for at least ten days after treatment was stopped. 


Renotropic effects 


A. Endogenous creatinine clearance. Creatinine excretion increased 
promptly in all patients. The 24-hour creatinine clearance increased con- 


ac 


0. 


Fie. 7. Summary of the 
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concentration, creatinine ex- 


reat.Clear. x x br. cle.~X 
0 


enous creatinine clearance 
i in the 5 patients. In Subjects 
AC and AY, the two-hour 
clearances were measured dur- 

ing forced hydration. 


sistently during treatment and decreased after treatment was stopped 
(Fig. 7). In Subjects PA and MA this value increased from 32 ml. per 
minute to 45 ml. per minute, and from 60 ml. per minute to an average of 
80 ml. per minute, respectively. In Subject KA the value increased from 
40 ml. per minute to a high of 75 ml. per minute on the fourth day of 
treatment’and decreased to the original level two days after treatment was 
stopped. 

In the 2 patients with severe kidney damage (Subjects AC and AY) the 
changes were similar. The creatinine clearance increased from 6 ml. per 
minute to 12 ml. per minute, and from 10 ml. per minute to a peak of 16 
ml. per minute, respectively. The elevated plasma creatinine levels did 
not change. 

B. Phosphorus reabsorption. In all patients, the plasma phosphorus 
level increased and phosphorus excretion decreased, indicating increased 
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Fic. 8. Summary of the changes in phosphorus reabsorption in the 5 patients. 


renal reabsorption of phosphorus. Calculating the latter as TRP, this value 
increased promptly with hormonal treatment and decreased after treat- 
ment was stopped (Fig. 8). The increase was not related to the initial level, 
and occurred in Subjects PA, AC and AY who had low initial values, and 
in Subjects MA and KA who had normal initial values. 


Hematocrit and erythrocyte sedimentation rate 


The hematocrit and erythrocyte sedimentation rate remained constant 
in all patients. 


DISCUSSION 


The protein anabolic action of the hormone is shown by the decrease in 
blood urea concentration and in urea excretion that occurred on the first 
day of hormonal treatment. In the pituitary-deficient patient (PA), this 
effect was produced with 1 mg. of growth hormone a day and was greater 
when the dosage was increased to 3-5 mg. a day. Other investigators, using 
a different preparation of growth hormone and measuring nitrogen reten- 
tion, found 5 mg. a day the optimal dosage in a pituitary dwarf (10). No 
attempt was made to determine the minimal effective dosage of hormone 
in our patients with intact pituitaries. 

Renotropic effects appeared simultaneously with the metabolic effects. 
In Subject PA, the TRP increased during administration of 1 mg. daily, 
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and the creatinine clearance increased with 5 mg. daily (0.02 mg. and 0.1 
mg. per Kg. of body weight per day, respectively). In all patients, both of 
these values increased with a dosage of 10 mg. a day (0.15 mg. to 0.2 mg. 
per Kg. of body weight). This dosage may be compared to that used in 
dogs.” In normal dogs, 1 mg. to 3 mg. per Kg. per day of a Wilhelmi beef 
preparation increased the glomerular filtration rate approximately 30 per 
cent and the sulfate T,, more than 60 per cent in three days (7). White 
et al. (6), using other growth hormone preparations, found doses of 0.4 mg. 
to 0.5 mg. per Kg. to be renotropically active in normal and hypophy- 
sectomized dogs. 

The sensitivity of human subjects to the renotropic action of human 
growth hormone suggests that prolonged administration of the hormone 
may be beneficial in chronic kidney disease. Though the renotropic effect 
of such prolonged hormonal treatment in man has not been studied, a sim- 
ilar experiment has been performed by nature in acromegaly. The latter is 
characterized by hypersecretion of endogenous growth hormone, and in the 
active stage the kidneys are enlarged and kidney functions are augmented 
-(17). Animal growth hormones, unfortunately, are renotropically inactive 
in man. A dose of 300 mg. of a Raben porcine preparation has been injected 
daily for a week into patients with and without kidney disease, yet there 
was no increase in the glomerular filtration rate, renal blood flow or Tn,,,, 
(18). 
One other aspect of the renotropic action is worth noting. Increased 
phosphorus reabsorption would explain the increase in plasma phosphorus 
concentration produced by the growth hormone. This action may be a 
direct one on the renal tubules, but it may be mediated by way of parathy- 
roid inhibition, since one of the earliest discernible effects of the parathy- 
roid hormone is a decrease in phosphorus reabsorption (19). 

Significant increases in serum albumin and cholesterol concentrations 
were seen in the patient with severe liver disease; the initial subnormal 
levels and the subsequent increases with treatment suggest that liver func- 
tion was stimulated. The changes in serum albumin and cholesterol con- 
centration in the other patients were variable. A variability in tissue re- 
sponse to growth hormone has also been noted in animals. For example, 
hepatic cholesterogenesis from acetate is inconsistent; it is stimulated by 
large doses of growth hormone in adult rats but not in young and old 
animals (20). With smaller doses of growth hormone, cholesterogenesis is 


2 Quantitative comparisons with animal experiments must be made with reservations. 
For one thing, the human subjects were not normal and the control glomerular filtration 
rates were low. Moreover, the growth hormone preparations used in the animal experi- 
ments differed in their renotropic and metabolic effects (7, 16). 
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stimulated in hypophysectomized but not in normal rats (21, 22). A varia- 
bility in response*® to the hormone might thus be expected in our patients 
whose underlying diseases and nutritional states differed so greatly. 
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, ABSTRACT 


Glucose utilization studies were performed in 17 normal subjects, in 14 pa- 
tients with mild diabetes, and in 9 patients with severe diabetes by two tech- 
niques, 7.e., single injection and continuous infusion of glucose. Data were 
analyzed by a new method which yields a valid specific rate constant of glucose 
utilization (K) not dependent upon the equation describing blood glucose 
disappearance. It was shown that previous methods of data analysis resulted 
in aggravated errors when applied to diabetics. Older normal subjects had signifi- 
cantly higher fasting blood glucose (C;) and reference (C.q) levels than younger 
normal subjects. In contrast to the younger group, the older group showed no 
significant difference between C.q and C;. K and glucose space (V) were similar 
in both groups. In all diabetics the single-injection method yielded a C,q higher 
than C;. This probably resulted from an increased hepatic glucose output 
despite a rising concentration of blood glucose. With the continuous-infusion 
method there was no evidence of this paradoxical response in the patients with 
mild diabetes. However, in those with severe diabetes, hepatic glucose output 
was so great that K and V were markedly distorted. K values obtained with the 
single-injection method in the patients with mild diabetes were not significantly 
different from those in the controls. This was interpreted as an artifact of the 
method of glucose administration. With the continuous-infusion method in the 
patients with mild diabetes, both K and V were significantly less than in the 
controls. It is concluded that: 1) the single-injection method yields an erroneous 
K value in all diabetics, whereas the continuous-infusion method yields a valid 
and clinically useful K value in patients with mild diabetes; 2) the relation- 
ship between C,, and C; (single-injection method) may also be used clinically; 
3) in patients with more severe diabetes, glycosuria and/or increased hepatic 
glucose output often invalidate both methods; and 4) in the diabetic, glucose 
utilization and glucose space are significantly reduced and the normal hepatic 
control of blood glucose is disturbed. 


HE rate at which glucose disappears from the blood after the intra- 
venous injection of glucose has been used extensively as a measure 
of carbohydrate metabolism (1-13). The specific rate constant (K) derived 
from the blood glucose disappearance curve serves as a quantitative index 
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of glucose utilization.' Several different exponential equations have been 
proposed to describe blood glucose disappearance, and they have been used 
to obtain the value of K (1-5). These equations differ only by an added 
constant term. However, K values obtained from the equations containing 
an added term differ from one another as well as from those equations that 
do not contain an added constant term. Despite these discrepancies, all 
studies have revealed that the rate constant is depressed in clinical states 
associated with decreased carbohydrate metabolism, and increased in 
those associated with accelerated carbohydrate metabolism (3, 4, 6-12). 
In addition, some investigators have reported good reproducibility of re- 
sults in the same patient (3, 10, 11, 12). 

Even though the foregoing studies demonstrate abnormalities in carbo- 
hydrate metabolism, we have shown that most of the reported equations 
and rate constants are incorrect (13). The graphic methods used to justify 
these equations were too insensitive to establish the validity of such equa- 
tions. Accordingly, we introduced a new method of data analysis which 
yields correct K values not dependent upon the exponential equation used 
to describe blood glucose disappearance (13). This paper presents the re- 
sults of this method applied to data on diabetic patients. 


METHODS 
Patients 


Three groups of hospital patients were studied; all were ambulatory and in good 
general condition and nutritional state. Group I (control) patients were not diabetic, as 
determined by history, urine analysis, and a normal oral glucose tolerance curve. These 
17 patients were chosen from the age group 49 to 70, to correspond to the age range of 
groups II and III. Group II was composed of 14 patients with mild diabetes. The 
selection was based on the following criteria: 1) they had a diabetic type of glucose 
tolerance curve, 2) without insulin therapy, they maintained a fasting blood glucose 
level below 150 mg. per 100 ml., 3) they maintained a constant weight, and 4) they 
excreted less than 10 per cent of their carbohydrate intake when they were receiving a 
diabetic diet of 1,000—1,500 calories. Group III was composed of 9 diabetics who required 
daily insulin administration to achieve the criteria for patients with mild diabetes or 
to prevent diabetic acidosis. Pertinent clinical data on the patients in groups II and III 
are given in Table 1. 


Procedures . 


All patients were studied under standardized, basal conditions in a special room. The 
tests were begun at 8 a.m. after a fasting period and after ninety minutes in the test 
bed. Normal subjects received a regular hospital diet including at least 250 Gm. of 
dietary carbohydrate. daily. They fasted for fourteen hours immediately preceding the 


1 The specific rate constant, K, is a proportionality constant defined as the rate of 
glucose utilization when the blood glucose concentration is equal to unity. Glucose 
utilization is defined here as the disappearance of blood glucose. 
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test. All diabetic patients received a diabetic diet and fasted for eleven hours preceding 
the test. Diabetic patients treated with insulin (group III) were tested twenty-five 
hours after their last dose of long-acting insulin (NPH or Lente). 

In the single-injection studies, a dose of 25 Gm. of glucose in 200 ml. of distilled 
water was injected intravenously in approximately four minutes. In the continuous- 
infusion studies, an aqueous solution of 10 per cent glucose was given intravenously 
with a Bowman constant-infusion pump at rates varying from 2.90 to 3.72 ml. per 
minute in individual pateints. In all studies, samples of capillary blood, which contains 
the same concentration of glucose as arterial blood (14), were obtained by finger punc- 


TABLE 1. CLINICAL DATA ON 23 DIABETIC PATIENTS 


History of Peripheral 
Pati Age Dose of Dav — “ Quality of hypo- Renal Eye Neuro- | vascular or 
a (yrs.) insulin glycemia | disease disease th; corona 
or acidosis disease 
14 Patients with mild diabetes 
W.D. 61 0 7 Good 0 0 0 0 0 
F.F. 61 0 3 Good 0 0 + + + 
H.H. 60 0 0.3 Good 0 0 + 0 0 
W.L. 58 0 5 Good 0 0 + + Ss 
JS. 63 0 7 Fair 0 + 
ES. 65 0 2 Good 0 0 0 0 + 
E.St. 27 0 0.5 Good 0 0 0 0 0 
FS. 65 0 1 Good 0 0 + 0 0 
C.D. 63 0 1 Good , 0 0 0 0 0 
A.L. 67 0 1 Good 0 0 0 0 0 
V.D. 61 0 1 Fair 0 + 0 0 0 
J.Sa. 63 0 0.1 Good 0 + + 0 0 
F.Se. 57 0 0.1 Good 0 0 0 0 + 
L.P. 46 0 3 Good 0 + 0 + 0 
9 Patients requiring insulin 
A.M. 49 30 0.1 Fair 0 0 + + 0 
G.R. 27 70 5 Fair + 0 0 0 0 
G.H. 82 20 1 Good 0 + + + 0 
S.M. 63 20 4 Fair 0 0 + 0 0 
R.H. 63 80 20 Fair 0 + + + Sm 
J.B. 44 25 12 Poor + 0 0 0 + 
J.F. 29 30 2 Fair + 0 0 0 0 
HP. 67 50 2 Fair 0 + + + ae 
C.S. 43 50 10 Fair 0 0 


ture at five- or ten-minute intervals. In the single-injection studies, the first blood sample 
following the fasting sample was obtained ten minutes after the end of glucose adminis- 
tration. To minimize glycolysis, sodium fluoride was added to all samples, which were 
immediately refrigerated. Urine was collected at the end of each experiment. Blood 
and urine samples were analyzed for glucose content by the Nelson modification of the 
Somogyi method (15). 

In 7 of the 9 patients with severe diabetes (group III) renal clearances were deter- 
mined simultaneously with the continuous-infusion studies. Urine samples were ob- 
tained over ten-minute periods with an indwelling, multi-holed catheter and each collec- 
tion was concluded with multiple washouts of water and air to insure complete recoveries 
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In this group, endogenous creatinine clearances were determined; creatinine was meas- 
ured by the method of Bonsnes and Taussky (16). 


Data analysis 


All data were analyzed by a new method (slope analysis) which yields a K value! not 
dependent upon the exponential equation used to describe blood glucose disappearance 
(13). This method was theoretically possible because all proposed equations were simple 
exponential functions differing only by an added constant term. To obtain the other 
constants (Cog, Co, Ceq’, Cr’),? two equations were used that had been derived earlier by 
the authors (5). These equations describe blood glucose disappearance after a single 
injection of glucose and during the continuous infusion of glucose. 


Single injection? 


Cy, — Coq = (Co — I 
Continuous infusion* 
Cea’ — Cg = (Ceq’ — II 


The first derivatives of these equations with respect to time represent the slope of the 
blood glucose curve under these two conditions: 


Single injection 
dC, 


= KC, IA 
Continuous infusion 

dc. 


In this linear form, a plot of dC,/dt versus C, will result in a straight line with a slope 

of —K. The value dC,/dt is readily obtained from the original blood glucose curve by 

means of a mechanical slope reader (Derivimeter, Gerber Scientific Co., Hartford, 

Conn.) (13). In the continuous-infusion studies, the volume of distribution of glucose 

(glucose space) was calculated from the following equation?: 
RiC; 


K(Ceq’ Cy’) 


Vv 


2 Definition of symbols: 


«Arterial blood glucose concentration at any time (t). 

C;—Fasting arterial blood glucose concentration. 

C;’—Theoretical initial fasting blood glucose concentration. 

Co—Theoretical maximum blood glucose concentration at the time when mixing 
complete (t=0). 

Cea) Ceq’/—Theoretical blood glucose concentrations at equilibrium (t= ©). 

C;—Concentration of glucose in infused fluid. 

K—Specifie rate constant for glucose utilization. 

V—Volume of distribution of glucose. 

R;—Rate of infusion. 


All concentrations are expressed as mg./100 ml.; K as min.-'; V as ml.; and Rj as 
ml./min. Note R;C;=R,. the rate of infusion of glucose in mg. per minute. 
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RESULTS 


Influence of age on fasting bleod glucose level 


A survey was made of the fasting blood glucose levels in 259 nondiabetic 
subjects, hospitalized with nonmetabolic uncomplicated illnesses, and 
ranging in age from 20 to 75 years. Table 2 is a summary of these data ar- 
ranged according to age decade. Statistical analysis revealed that the mean 
fasting blood sugar level in subjects over 50 years of age was significantly 
higher (P <.01) than that in any of the decades under 50. Since most of the 


TABLE 2. THE INFLUENCE OF AGE ON FASTING BLOOD GLUCOSE CONCENTRATION 


Age (yrs.) 
20-29 | 30-39 | 40-49 | 50-59 | 60-75 | 50-75 
No. of subjects 51 81 33 14 33 47 
Mean fasting blood glucose 
level (mg./100 ml.) 84.4 87.6 87.5 92.1 92.4 92.3 
Standard deviation 7.1 6.9 8.0 8.6 6.8 7.2 
Significance (P)* <.001} <.001} <.01} >.9 >.9 


* Comparison of each group with the 50-75 group. 


diabetic patients in this study were over 50 years of age, normal subjects of 
comparable age were chosen for a control group (group I). 


Group I (control) 


Table 3 shows the data on group I (control) subjects. In 16 of the 17 
subjects,’ both single-injection and continuous-infusion studies were per- 
formed from two to eight days apart (average, four days). In 13 of the 16 
subjects the K value with the continuous-infusion method exceeded that 
with the single-injection method; for the group, the difference in K values 
was significant (P =.01). With the single-injection method, the initial fast- 
ing blood glucose level (C;) exceeded the experimental fasting level (C,,) in 
12 studies, but this difference for the group was not quite significant (P 
=.08). The amount of glucose excreted in the urine during each experiment 
ranged from 0 to 1.74 Gm., with a mean of 0.50 Gm., or 2.1 per cent of the 
administered glucose. Glucose excreted during the single-injection studies 
(2.8 per cent) exceeded that excreted during the continuous-infusion (1.5 
per cent). 


3 The continuous-infusion data on Patient C.B. were incomplete. 


: 
i 
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TABLE 3. KINETIC DATA ON 17 NORMAL SUBJECTS 
Subject Single injection of glucose Continuous infusion of glucose 

Cea R Cr Cf’ Ceq’ V(% 
No. | Initials | | Wt | (mg./ | (mg./ | (mg./ | (mg./ | (mg./ | (mg. / body 
(yrs.) | 1199 mi.)|100 mi.)} | min.) {100 ml.)|100 ml.)|100 mi.)| we.) 
1 L.H. 60 | 74 88 98 .0270 | 304 99 96 | 165 .0278 | 21.4 
2 RT. 69 | 72 | 100 | 149 .0352 | 329 99 | 105 | 161 .0397 | 20.6 
3 LF. 71 | 66 93 81 .0196 | 316 95 | 101 179 .0293 | 20.9 

4 C.B. 56 | 88 87 47 .0180 
5 C.H. 54 | 64 79 61 .0209 | 331 89 92 | 152 .0473 | 18.2 
6 EL. 70 | 52 94 63 .0196 | 337 88 90 | 163 .0344 | 25.8 
7 AS. 62 | 64 89 86 .0184 | 290 90 92 | 161 .0341 19.3 
8 E.S. 58 | 74 93 59 .0172 | 342 86 86 | 150 .0341 | 21.2 
9 N.M. 62 | 58 80 37 .0361 | 340 83 83 | 153 .0480 | 17.4 
10 C.P. 54 | 65 92 73 .0383 | 360 93 | 103 | 159 .0342 | 28.9 
11 L.B. 63 | 63 94 69 .0181 | 372 94 94 | 161 0336 | 26.2 
12 R.B. 49 | 65 | 101 | 108 0329 | 369 87 94 | 171 0334 | 22.1 
13 C.M. 60 | 70 97 | 102 .0333 | 340 97 | 100 | 151 .0340 | 28.0 
14 D.F. 61 | 66 90 98 .0214 | 292 96 96 | 169 .0276 | 22.0 
15 Ww.M. 62 | 63 92 82 .0439 | 302 98 | 105 | 153 .0292 | 34.2 
16 N.M. 57 | 64 | 104 69 .0446 | 356 | 110 | 109 | 190 .0346 | 19.8 
17 EC. 66 | 62 96 95 .0242 | 335 96 98 | 183 .0402 | 15.8 
Mean 92 81 .0276 94 97 .0351 | 22.6 
-. Standard Deviation 7 27 .0095 7 x .0061 4.8 


* For definition of symbols, see footnote 2 in text. 


Group II (mild diabetes) 


Table 4 shows pertinent data on the 14 patients classified as having mild 
diabetes; 13 were studied by both methods of administration, and 1 


TABLE 4. KINETIC DATA ON PATIENTS WITH MILD DIABETES 


Patient Single injection of glucose Continuous infusion of glucose 
Crt | Coq | V(% 
No. | Initials | A8e | Wt | (mg | (mes | K (me./ | | (me./ | body 
(yrs.) | |199 mi.)|100 ml.)| | min.) |100 ml.)|100 ml.)|100 mi.)| we.) 
1 | wv. | 61 | 100 | 225 | 238 | .o308 | 344 | 208 | 213 | 204 | .0252 | 16.8 
2 | FF. 61 | 63 | 94 | 142 | .0293 | 368 | 94 | 102 | 217 | .0246 | 20.6 
3 | HH. | 60 | 64 | 172 | 250 | .0259 | 344 | 182 | 187 | 350 | .0159 | 20.7 
4] wa. | 58 | 65 | 142 | 185 | .0285 | 354 | 143 | 147 | 253 | .0200 | 25.7 
5 | JS. 63 | 55 | 155 | 248 | .0703 | 300 | 143 | 141 | 222 | .0234 | 28.8 
6 | ES. 65 | 66 | 195 | 257 | .0329 | 353 | 180 | 194 | 293 | .o282 | 19.2 
7 | Est. | 27 | 75 | 95 | 139 | .0335 | 324 | 97 | 101 | 189 | .0237 | 20.7 
e-| ms. 65 | s9 | 101 | 103 | .0207 | 331 | 93 | 91 | 166 | .0325 | 15.3 
9 | cD. 63 | 76 | 151 | 182 | .0276 | 344 | 149 | 140 | 219 | .0448 | 12.8 
10 | ALL. 67 | 6s | 127 | 153 | .0151 | 316 | 133 | 134 | 235 | .0252 | 18.3 
11 | V.D. 61 | 70 | 380 | 400 | .o213 | 319 | 241 | 243 | 376 | .0207 | 16.6 
Se es | so-| 182 | 243 | .o448 | 344 | 149 | 152 | 275 | .0229 | 15.3 
13 | FSe. | 57 | 87 330 | 230 | 237 | 331 | .0202 | 20.0 
“| LP. 46 |.75 | 168 | 223 | .0354 | 298 | 138 | 144 | 243 | .0268 | 15.0 
Mean 168 | 213 | .0320 156 | 159 .0253 | 19.0 
Standard Deviation 74 76 -0137 47 49 .0069 4.3 


* For definition of symbols, see footnote 2 in text. 


1126 C. J. HLAD, JR. AND HAROLD ELRICK Volume 20 


(F.Se.) by the continuous-infusion method only. Data on 1 of the 13 are 
plotted in Figure 1. : 

In 10 of the 13 patients the K value with the single-injection method ex- 
ceeded that with the continuous-infusion method, but this difference for 
the group was not significant (P=.18). In the single-injection studies, C., 
always exceeded C;, and the difference for the group was significant 


TIME (min) 
A 


1-K=0.0329 


— 


6550210 220830 240 280 260 270 280 280 230 300 
BLOOD GLUCOSE (mg 4) BLOOD GLUCOSE (mg /) 


Fic. 1. Data on a patient with mild diabetes. 
A. Blood glucose values obtained with the continuous-infusion method, plotted as a 
function of time. 
B. Blood glucose values obtained with the single-injection sil plotted as a 
function of time. 
A’. Analysis of data from A according to equation IA given in the text. 
B’. Analysis of data from B according to equation IA given in the text. 
Blood glucose concentrations are expressed as mg./100 ml. Note that C.q is well above 
C; and that the K with the single-injection method exceeds the K with the continuous- 


infusion method. 


(P <.001). Glucose excreted in the urine during the test period ranged 
from 0.16 to 1.86 Gm. with a mean value of 0.74 Gm., or 3.1 per cent of the 
administered dose. Glucose excreted during the single-injection studies 
(4.0 per cent) exceeded that excreted during the continuous infusion (1.8 
per cent). 
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Some of these results differ significantly from those in group I. The 
mean C; value (168 mg./100 ml.) and C,, value (213 mg./100 ml.) for 
group II were both significantly greater (P <.001) than the corresponding 
values (92 and 81 mg./100 ml.) for group I. The mean K value (.0320) 
with single injection for group II was not significantly different (P =.30) 
from that (.0276) for group I. However, the mean K value (.0253) with 
continuous infusion for group II was significantly less (P <.001) than that 
(.0351) for group I. The volume of distribution of glucose (V) in the pa- 
tients with mild diabetes (19.0 per cent) was significantly less (P =.05) 
than that in the control group (22.6 per cent). 


Group IIT (diabetes requiring treatment with insulin) 


Nine diabetic patients who required insulin were studied by the con- 
tinuous-infusion method. In 7 of these, simultaneous renal clearance 
studies were made. Creatinine clearance was decreased in these 7 patients 
(mean, 85 ml. per minute), but the variation in any patient was not 
excessive (average range, 15 per cent of the mean). In 3 of the 7, single- 
“injection studies were performed. Pertinent data on the 9 patients are 
listed in Table 5. In 5 of the patients, a negligible amount of glucose was 
recovered in the urine. The single-injection studies in 2 of these 5 yielded 
K values which were below the mean for the patients with mild diabetes, 
and in both of these subjects C., exceeded C;. In 4 of the 5 patients, the 
continuous-infusion studies yielded K values which were lower than the 
mean for the group with mild diabetes. In 3 of the 5, the volume of dis- 
tribution of glucose was decreased; in 1 (S.M.) of the remaining 2, the 
volume was abnormally elevated and the K value was extremely small. 
Four of the 9 patients excreted a considerable amount of glucose. One 
(J.B.) of the 4 excreted glucose during both the single-injection and con- 
tinuous-infusion studies; nevertheless, during continuous infusion K=0 
(the blood glucose-timé curve was a straight line) despite the large rena- 
excretion of glucose. The amount of glucose excreted in this study corre- 
sponded to a K value of .0088, which should have caused a definite curval 
ture of the blood glucose-time curve provided the infused glucose was the 
only glucose added to the blood during the test. The single-injection ex- 
periment.in this same patient yielded a K value much higher than could 
be accounted for by the glycosuria above. 

In Patient H.P. the K value associated with the renal excretion of 
glucose also exceeded that associated with blood glucose disappearance. 
In the remaining 2 cases the K values were well below the mean K value 
for the patients with mild diabetes. It is noteworthy that in the 2 cases in 
which glucose excretion was the most marked, the volume of distribution 
was excessively elevated. Figure 2 shows blood glucose and excretion data 
on a patient from this group. 
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360, 


K=0.0174 C.S. 
43 yrs. 
53 kg. 
DIABETIC 


CREATININE 
CLEARANCE 10 
(m/min) 


326m GLUCOSE /min 


° 10 20 30 40 70 80 90 100 


50 
TIME (min) 


Fic. 2. Data on a patient with severe diabetes. 

The upper graph is a plot of blood glucose data as a function of time. Blood glucose 
concentrations are expressed as mg./100 ml. For brevity, the mathematical analysis 
has been omitted. The middle graph shows the amount of glucose recovered in the urine 
as a function of time. Note that recovery increased sharply after thirty minutes when 
the renal threshold (260 mg./100 ml.) was exceeded. The lower graph shows endogenous 
creatinine clearance as a function of time. The clearance was relatively stable throughout 
the study, through a slight decrease oceurred in the last two periods. 


DISCUSSION 
Data analysis 


We have previously shown that graphic methods used to justify ex- 
ponential equations describing blood glucose disappearance were too in- 
sensitive to establish the validity of these equations (13). In the diabetic 
patient, two additional factors contribute to the insensitivity of graphic 
procedures; 1) the K value may be reduced, and 2) the fasting blood 
glucose level is usually increased. Both of these factors lessen the curva- 
ture of the blood glucose-time curve, especially when it is plotted on semi- 
logarithmic paper, and further increase the errors in the K values deter- 
mined by graphic methods. Specifically, when the added constant term 
(C.q) is not used (1, 7, 9, 11, 12), or when C; is used instead of C., (3, 6, 


— 
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8, 10), the resulting K value will decrease with increasing C; values. These 
difficulties are avoided when the slope analysis m>thod (13) is used to 
analyze the blood glucose-time curve. Moreover, the resulting K values 
are mathematically more correct. 


TABLE 6. COMPARISON OF DATA ON NORMAL SUBJECTS AND 


PATIENTS WITH MILD DIABETES 


Patients 
Younger Older | gignif- | with | Signifi- 
normal | normal cance* mild cance** 
subjects | subjects diabetes 
Single-injection method} 
n 26 17 13 
Cr 82 92 <.001 168 <.001 
Cea 62 81 .03 213 <.001 
K, 0308 .0276 .37 .0320 .30 
Cr>Ceq Cr>Ceq Cea >C; 
P<.001 | P=.08 P<.001 
Continuous-infusion method} 
n 69 16 14 
Cy 88 94 .003 156 <.001 
Ky .0400 15 .0253 <.001 
23.3 22.6 .67 19.0 .05 
K, >K, K, >K, K, >K. 
P=.002} P=.01 -P= .18 


* Comparison of younger and older normal subjects. 
** Comparison of older normal subjects and patients with mild diabetes. 
+ n=Number of patients. 

K, =Specific rate constant, single-injection method. 

K.=Specific rate constant, continuous-infusion method. 


Normal subjects 


In agreement with previous work (11, 17), we have found that the 
fasting blood glucose level of persons older than 50 is significantly greater 
than that of persons younger than 50. Therefore, an older group (>49 
years) was used as a control for comparison with the mild diabetes group, 
in which most of the patients were past 50 years of age. 

It is of interest to compare other data on the older normal group with 
data we previously reported (5) on a younger normal group. The compari- 


i 
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son is summarized in Table 6. In addition to the significant difference in 
mean C; values between the two age groups, there was also a significant 
difference in mean C,, values, which was higher in the older normal group. 
In the younger normal group, the difference between the mean values of 
C; and C., was 24 per cent (highly significant). The difference between 
these values decreased with age to 12 per cent (not significant). 


FASTING 


GLUCOSE | 


NORMALS NORMALS DIABETICS 

Fig. 3. The influence of a single injeetion of glucose on the relationship between C; 
and Coq. 

The relationship is shown between C; and C,q in the fasting state and after a single 
injection of glucose in normal subjects and in patients with mild diabetes. Blood glucose 
concentrations are expressed as mg./100 ml. These data represent the mean values for 
the various groups of patients. In the gray areas, peripheral glucose utilization (P) ex- 
ceeds the net hepatic glucose output (H). In the dotted areas the relationship between 
these processes is reversed. Note that in the normal subjects after injection of glucose, 
Ceq is depressed and C; is in the zone where P exceeds H. Under the same conditions in 
the patients with mild diabetes, C., is elevated and C; is in the zone where H exceeds P. 


C., is that concentration of blood glucose established when the rate of 
addition of glucose to the blood by the liver equals the rate of removal 
from the blood by peripheral tissues. During fasting, C., is equal to C;. 
However, when exogenous glucose is added by a single injection, the C., 
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level is markedly decreased below the C;, level.‘ Figure 3 is a diagrammatic 
illustration of this phenomenon. In this new state the rate of peripheral 
glucose utilization exceeds the net rate of hepatic glucose output during 
the time that blood glucose concentration is greater than C,.,. Because of 
the change in the system, C; becomes meaningless as a reference level, 
and its use as the added constant term in an equation to describe blood 
glucose disappearance (3, 6, 8, 10) is incorrect. 

The observation that C., was lower in the younger normal subjects than 
in the older normal subjects is indicative of better glucose tolerance in 
the former group. This finding supports the concept that glucose tolerance 
decreases with age (11, 17-19). The mean K value in the older normal sub- 
jects was less than in the younger normal subjects with both methods of 
glucose administration, but the differences were not significant. Glucose 
space was greater in the younger normal subjects but not significantly so. 
A more detailed study of the influence of age on the kinetics of glucose 
utilization will be reported elsewhere (20). 


Comparison of normal subjects and patients with mild diabetes 


In Table 6, the older normal subjects are compared with the patients 
with mild diabetes. In the single-injection category, two findings are note- 
worthy: 1) C., exceeded C; in all diabetic patients, and 2) the mean K 
value for the patients with mild diabetes was not significantly different 
from that for older normal persons. The first finding is of particular in- 
terest since it is a reversal of the relationship observed in normal subjects: 
in the diabetic, injection of glucose elevated the C., level, whereas in the 
normal person it depressed that level. In Figure 3 it may be noted that 
after a single injection of glucose in the diabetic patients, the initial fasting 
C; level was in the zone where the net hepatic glucose output exceeded the 
peripheral glucose utilization. Under these circumstances, there is a tem- 
porary increase in net hepatic glucose output and/or a decrease in periph- 
eral glucose utilization, despite a rising blood glucose level. This un- 
usual response is followed by an increase in the hepatic and peripheral 
utilization of glucose. In the. normal subject under similar circumstances, 
this sequence of events does not occur; instead, there is an increase in the 
hepatic and peripheral uptake of glucose immediately following the in- 
jection of glucose. These findings are another manifestation of the altered 
response to glucose administration in the diabetic. 

Since the mean K value with the single-injection method was not de- 


4 The hypoglycemic phase of the oral glucose tolerance curve is probably due to this 
change in reference levels induced by exogenous glucose. The subsequent return to the 
fasting level represents a change in the system during which time C.q approaches C;. 
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pressed in the diabetic patients, it does not reflect the initial abnormal re- 
sponse of the diabetic. We interpret this as an artifact of the method of 
glucose administration and the resulting excessive hyperglycemia, because 
when glucose was administered slowly (continuous-infusion method) the 
mean K value was found to be significantly decreased in the diabetics. 
Since the latter method of glucose administration is more physiologic 
(4, 13), the K value obtained with the continuous-infusion method would 
appear to be the more valid. This K value may be useful in differentiating 
the normal person from the diabetic, whereas the K value obtained with 
the single-injection method cannot be used for this purpose. On the other 
hand, with the latter method the relationship between C; and C,., may 
provide useful clinical information. 

Several investigators have reported decreased K values in patients with 
mild diabetes, using the single-injection method (3, 8, 9). However, we 
have shown that the equations and the methods of data analysis used in 
these studies were incorrect (13). The reduced K values reported by others 
resulted from an increased fasting blood glucose level and from the use of 
‘an incorrect value for the reference level C.; (discussed previously). Jokipii 
and Turpeinen (4) reported normal K values with the continuous-infusion 
technique in 3 diabetic patients, but the authors pointed out that their 
results were erroneously high because the patients had glycosuria. 

An additional advantage of the continuous-infusion method is that it 
yields a measure of the volume of distribution of glucose (glucose space, 
’ designated by V). This space was found to be significantly decreased (16 
per cent) in the mild diabetes group as compared with the older normal 
group. It is reasonable to expect a decrease in glucose space in the diabetic 
in view of the evidence that insulin facilitates the transfer of glucose into 
the cell (21, 22, 23). Using the continuous-infusion method, Jokipii and 
Turpeinen (4) reported a marked reduction in glucose space in 3 diabetics 
with glycosuria. However, the measurement of glucose space (as well as 
K) by this method is not reliable when there is glycosuria or when endog- 
enous glucose has been added to the blood (discussed subsequently). 
Ikkos and Luft (24), using a single-injection method, reported increased 
glucose space and decreased inulin space in diabetic patients. The reliabil- 
ity of these observations is also doubtful; the authors point out the in- 
herent errors in their method; moreover, they did not measure urinary 
glucose. 


Diabetics requiring insulin therapy 

In the insulin-requiring diabetics, the K values obtained with the single- 
injection studies were inconclusive. Two values were below the mean for 
the group with mild diabetes, and one value was distinctly above it; the 
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latter was probably due to marked glycosuria and the addition of large 
amounts of glucose by the liver. C.g was above C; in all cases, similar to 
the findings in the mild diabetes group. The continuous-infusion tech- 
nique consistently yielded a decreased K value and a decreased glucose 
space when there was no glycosuria. When glycosuria occurred, the glucose 
space increased to erroneously high values. In 3 cases there was evidence 
(the combination of extremely low K and extremely high V) that endog- 
enous glucose was added to the blood. In 2 of these cases more glucose 
was accounted for than was administered. These findings, obtained with 
the continuous-infusion method, indicate that even with the slow ad- 
ministration of glucose, significant quantities of endogenous glucose may 
be added to the blood in patients with severe diabetes. In the patients with 

mild diabetes, this phenomenvun could be demonstrated for only short 

time-intervals, utilizing a sudden injection of a large amount of glucose. 

Thus, in the more severe diabetic, the measurement of K and glucose space 

by these methods is often unreliable. 

The limitations of the method encountered in the study of insulin-re- 
quiring diabetics may also apply to patients with mild diabetes. In our 
study, the limitations imposed by glycosuria did not apply, since glyco- 
suria was negligible in the mild diabetes group. Furthermore, there was no 
evidence that endogenous glucose was added to the blood during the 
continuous-infusion studies. If this had occurred, glucose space would 
have been erroneously high, whereas actually it was significantly de- 
creased. 
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ABSTRACT 

Maximum tubular reabsorption of phosphate (TmP) was measured by in- 
fusing neutral isotonic phosphate solution until tubular reabsorption of phos- 
phate (calculated by creatinine clearance and urinary phosphate levels) became 
a constant value. Eight patients with surgically proven hyperparathyroidism 
were studied. It was possible to define what appeared to be a TmP in each 
instance. The values ranged from 1.1 mg. to 4.9 mg. per minute with a mean 
of 3.7 mg. per minute, and overlapped widely with normal values obtained by 
others. In 5 patients, TmP measurements were repeated postoperatively. TmP 
rose in 1, remained unchanged in 2, and fell in 2 patients. The mean value was 
3.15 mg. per minute preoperatively and 3.67 mg. per minute postoperatively. 
Other indices of phosphate excretion in the 8 patients (tubular reabsorption of 
phosphate and phosphate clearance) failed to differ consistently from the nor- 
mal range. It was concluded that TmP, measured as described, did not corre- « 
late consistently with parathyroid activity, owing to lack of standardization ~ 
of other unknown factors that influence phosphate excretion. 


_ INCREASED urinary content of inorganic phosphate was shown 
to be an effect of parathyroid hormone in 1925 by Greenwald and 
Gross (1) and in 1929 by Albright and co-workers (2). Evidence is in favor 
of a depression of tubular phosphate reabsorption as a cause of this phos- 
phaturia (3-5). 

In recent years, investigators have used tests involving phosphate ex- 
cretion in the diagnosis of hyperparathyroidism. According to most pub- 
lished reports (6-9), the percentage tubular reabsorption of phosphate 
(TRP),! measured by the ratio of simultaneously determined phosphate 


Received December 15, 1959. 
* Aided by research grant RG-4974 from the National Institutes of Health. 
1 The following abbreviations are used throughout this article: 
TRP=Tubular reabsorption of phosphate. 
TmP =Tubular reabsorptive capacity for phosphate. 
Cl, = Phosphate clearance. 
Clr = Endogenous creatinine “chromogen” clearance. 
GFR =Glomerular filtration rate. 
RP =Reabsorbed phosphate. 
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and creatinine or inulin clearance, is consistently depressed below the 
normal range in hyperparathyroidism. However, our own experience with 
this test has been disappointing because of finding values within the ac- 
cepted normal limits in a high proportion of hyperparathyroid patients 
(10). In 6 of a series of 14 consecutive patients with surgically demon- 
strated parathyroid adenomas, TRP values were above 78 per cent, which 
is the lower limit of the normal range given by Chambers et al. (8). 

Measurement of phosphate clearance (Cl,) has also been proposed as a 
valuable tool for assessing parathyroid function (11). Although values for 
Cl, have been elevated in most of our hyperparathyroid patients, in some 
instances they have been within normal limits. In the aforementioned 
series of 14 patients, 4 had a clearance below 15.5 ml. per minute, which is 
the upper limit of the normal range given by Kyle et al. (11). 

Because the evidence that parathyroid hormone affects phosphate 
metabolism is convincing, we have thought that the reason for our incon- 
sistent results with the foregoing phosphate excretion tests may have 
been failure to standardize the test conditions properly, so that influences 
on phosphate excretion other than parathyroid activity could be neu- 
tralized. Dietary intake of phosphate is one potential influence that might 
be eliminated by standardizing the diet prior to the test. Diets of known 
normal phosphate content are difficult to apply without the use of a ward 
for the study of metabolic balance or, at least, strict dietetic supervision. 
A low-phosphate diet, however, can be prescribed relatively easily by the 
- elimination of certain foods and the addition of aluminum hydroxide 
gel. Chambers and co-workers (8) compared the results of various phos- 
phate tests in hyperparathyroid and control patients before and after one 
week of phosphate restriction. Though the diagnostic value of serum 
phosphate concentration, TRP and 24-hour phosphate excretion appeared 
to be little affected by this procedure, their series was small and this ap- 
proach warrants further study. 

An alternative approach that might minimize nonparathyroid influences 
on phosphate metabolism is the application of a phosphate load and the 
study of phosphate reabsorption under these conditions. Thompson and 
Hiatt (12) and Anderson (13) reported data on normal subjects indicating 
that a maximal tubular reabsorptive capacity for phosphate (TmP) can 
be defined. In 6 normal subjects, Anderson found TmP to range from 142 
to 177 micromols (uM) per minute. Thompson and Hiatt, in 24 studies on 
9 normal subjects, found a wider range of TmP (73 to 256 uM per minute). 
Following prolonged administration of parathyroid hormone, TmP was 
consistently depressed (5) and in the single hyperparathyroid patient that 
they studied, they found a low TmP of 26 uM per minute. Their findings 
suggest that TmP is dependent upon parathyroid function. Further data 
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on TmP in hyperparathyroidism are limited. Williams and co-workers re- 
ported (in abstract form) results which they interpreted as indicating a 
correlation between TmP and parathyroid activity (14). They found 
TmP values of 33 to 103 4.M/min./100 ml. inulin clearance in 7 patients 
with hyperparathyroidism. These values were below what they considered 
the normal range (121-150 u.M/min./100 ml. inulin clearance). 

In the hope that measurement of TmP might prove to be of practical 
value in the differential diagnosis of hyperparathyroidism, we attempted 
to define this value in 8 consecutive patients with functioning parathyroid 
adenomas. The results, together with postoperative determinations in 5 
of the patients, are presented in this report. 


MATERIALS AND METHODS 


Preoperative measurements of TmP were performed in 8 consecutive hyperpara- 
thyroid patients either from the wards of the Los Angeles County Hospital or referred 
from urologists in the surrounding area. Six patients were found at operation to have 
solitary chief-cell adenomas of the parathyroid. One patient had two adenomas and 1 
had four enlarged glands that conformed to the histologic pattern of chief-cell hyper- 
plasia as described by Cope et al. (15). 

No attempt was made to standardize the diet prior to the measurement of TmP. 
However, none of the subjects had been receiving a low-phosphate diet nor aluminum 
hydroxide gel. They were studied in a fasting state during a period of four to five hours 
in the morning. Urine flows of 5-10 ml. per minute were insured by ingestion of a liter 
of water at 7:30 a.m. and from 400-500 ml. per hour thereafter. Urine was collected by 
indwelling catheter in the females and by voiding in the males. Collection periods 
ranged from thirty to fifty minutes. After two baseline periods, an infusion of neutral 
isotonic sodium phosphate solution? was started and continued‘at a constant rate of 
50-60 drops per minute for approximately three hours. Urine collections were continued. 
Blood specimens were taken prior to starting the phosphate infusion and near the end 
of each period. A relatively smooth curve for the rising serum phosphate level was ob- 
tained in every case and the average serum phosphate level for each period was ob- 
tained by extrapolation from this curve. Endogenous creatinine ‘‘chromogen’’ clearance 
(Cler) was utilized as the glomerular filtration rate (GFR) and multiplied by the mid- 
point serum phosphate level to obtain a value for the amount of filtered phosphate in 
each period. Filtered phosphate minus excreted phosphate was taken to be the re- 
absorbed phosphate (RP). In most instances, as filtered phosphate increased, the value 
for RP also rose and then leveled off. When RP failed to increase, it was assumed that 
TmP had been reached. 

Values for TRP and phosphate clearance (Cl,) (Table 1) were obtained during a 
four-hour period between 8:00 a.m. and noon. The subjects were fasting and in a state 
of moderate water diuresis in order to minimize errors from residual bladder urine. 

All chemical determinations were performed in duplicate or triplicate. The method 
of Simonsen et al. was used for serum and urinary phosphate (16). The Clark and Collip 
(17) modification of the Kramer and Tisdall method was used to determine serum 


* Kindly provided by Don Baxter, Inc., Glendale, California. 
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calcium concentration. Creatinine in serum and urine was determined by the Jaffe re- 
action (18). 

In 7 of the 8 patients there was a return to normal parathyroid function after surgery, 
judging by a fall of serum calcium to normal levels. In the eighth patient (with chief- 
cell hyperplasia), hypoparathyroidism followed the removal of all four enlarged glands. 
The measurement of TmP was repeated in 5 patients, two to four months postopera- 
tively, at a time when they were thought to have normal parathyroid function. None 
was taking supplementary calcium or vitamin D, and all had normal levels of serum 
calcium and phosphate. 


RESULTS 


The laboratory findings in the 8 hyperparathyroid patients are listed in 

Table 1, and the data used in calculating TmP are shown in Table 2. 
Preoperatively, all had hypercalcemia.’ Serum phosphate values were ab- 
normally low in 4 and at the lower limit of normal‘ in 2 others. The normal 
serum phosphate levels observed in the remaining 2 patients did not ap- 
pear to be the result of low glomerular filtration rates, since serum crea- 
tinine levels in these patients were normal. 
- The preoperative values for phosphate clearance (Cl,) and TRP were 
more difficult to interpret because of the lack of well-defined normal 
ranges for these tests. Chambers and co-workers found TRP values be- 
tween 78 and 90 per cent in non-hyperparathyroid patients (8, 9) and 
Talpers and Stein reported a normal range of 73 to 97 per cent (19). By 
these criteria the TRP values could be considered low in only 3 of our 
_ hyperparathyroid patients, and in no instance were they remarkably low. 
Normal values in the literature for Cl, are variable and, because of the 
diurnal rhythm of phosphate excretion, are dependent upon the time of 
day during which the measurements are made. Kyle, Schaaf and Canary 
found a normal range of 6.3 to 15.5 ml. per minute in 25 subjects in the 
forenoon (11). Seven of our 8 patients had elevated levels of Cl, by these 
criteria, although in 4 of them the elevation was slight. 

Values for TmP preoperatively varied between 1.10 mg. (35 uM) and 
4.90 mg. (158 uM) per minute, with a mean of 3.17 mg. (102 uM). When 
expressed in relation to the creatinine clearance, the range was from 1.20 
mg. (39 uM) to 5.63 mg. (182 4M) per 100 ml. Cl... 

Postoperatively, serum calcium concentration fell to normal levels in 
the 7 patients tested. The eighth patient was killed in an automobile ac- 


3 The mean normal value for serum calcium concentration in our laboratory is 10.1 
mg. per 100 ml. with a standard deviation of 0.55 mg., implying that 95 per cent of 
normal values lie between 9.0 and 11.2 mg. per 100 ml. 

4 The mean normal value for serum phosphate concentration in adults in our labora- 
tory is 3.9 mg. per 100 ml. with a standard deviation of 0.5 mg., implying that 95 per 
cent of normal values lie between 2.9 and 4.9 mg. per 100 ml. 
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TABLE 2. DATA USED IN THE CALCULATION OF TmP DURING INFUSION 
OF NEUTRAL ISOTONIC PHOSPHATE SOLUTION 


Patient, age, | Date of test | Variable Clearance periods TmP** 
Sex & date | andrelation | meas- (mg./ 
of surgery to surgery | ured 1* 2* 3 4 5 6 7 8 min.) 

Jan. 22, 58 | Clert 75 73 80 75 68 66 
pre-op. Ser. Pt 2.2 2.2 3.7 6.7 8.5 8.9 
S.J. RP§ 1.2 1.2 1.9 2.5 2.5 2.4 2.46 
q 48, 
Feb. 1, 1958 June 13, ’58 | Cler 79 77 72 72 9 72 72 67 
post-op. Ser. P 4.4 4.4 5.6 8.4 10.7 12.5 14.3 15.6 
RP 2.6 2.5 2.7 3.5 3.7 4.7 5.3 5.2 5.25 
Mar. 14, 58 | Cler 122 108 90 76 91 85 89 95 
pre-op. Ser. P 2.4 2.5 3.7 6.3 8.1 10.5 12.7 14.7 
P.C., RP 2.4 2.3 1.9 1.4 2.6 3.5 2.9 4.2 3.53 
54, 9 
Apr. 5, 1958 June 13, ’58 | Cler 82 69 70 73 73 63 
post-op. Ser. P 3.5 3.5 4.9 7.0 8.3 9.6 
RP 2.2 2.0 2.1 2.1 1.7 1.5 1.85 
May 14, ’58 | Cler 110 107 94 87 82 90 91 87 
pre-op. Ser. P 2.8 2.8 4.0 6.0 7.4 8.7 9.6 10.5 
FW. RP 2.5 2.5 2.2 2.7 3.1 4.2 4.5 4.9 4.90 
63, 2, 
May 22, 1958 | Sept.4,’58 | Cler 63 63 60 59 61 57 61 59 
post-op. Ser. P 4.1 4.1 5.2 7.4 8.6 9.7 14.1 12.1 
RP iF 1.8 1.8 1.8 1.8 1.6 1.8 1.77 
Oct. 9,'58 | Cler 108 123 114 115 113 129 
pre-op. Ser. P 3.3 3.3 5.1 6.8 7.8 8.5 
GP, RP 3.3 3.3 3.6 3.9 3.7 3.9 3.83 
57, 
Oct. 14, 1958 | Dec. 3, 58 | Cler 95 100 109 117 120 111 
P post-op. Ser. P 3.6 3.6 7.1 8.1 9.0 
RP 3.0 3.1 3.1 3.9 4.0 3.7 3.86 
Oct. 22, 58 | Cler 69 72 67 76 73 65 
pre-op. Ser. P 3.0 3.0 4.6 7.6 9.6 11.3 
T.M., RP a7 1.7 1.8 2.9 3.7 3.6 3.65 
58, 
Dec. 10, 1958 | Apr. 8, ’59 | Cler 69 57 67 69 59 71 
post-op. Ser. P 3.0 4.8 6.9 8.3 9.4] 10.3 
Bee 1.5 1.8 2.6 2.5 2.4 3.0 3.00 
ALR., Dec. 18,58 | Cler 111 105 98 97 108 102 115 
54, #7 pre-op. Ser. P 2.6 2.6 4.2 6.9 8.1 8.7 8.9 
Feb. 10, 1959 RP 2.3 2.2 2.4 2.4 2.4 2.3 2.4 2.38 
CR., Jan. 8,’59 | Cler 131 118 128 122 123 120 118 
39, o’, pre-op. Ser. P 2.8 2.8 4.5 6.9 7.9 8.5 9.2 
May 11, 1959 RP 3.1 2.9 3.3 3.6 3.5 3.2 3.6 3.48 
F.H., Jan. 21, 59 | Cler 96 93 100 93 93 93 
52, 3, pre-op. Ser. P 2.2 2.2 3.2 4.9 6.2 6.8 
Apr. 15, 1959 1.4 1.5 0.8 it 1.10 


* Periods 1 and 2 were base-line periods prior to the infusion of phosphate. 
** TmP calculated by averaging the values after maximum RP reached. 

t Creatinine clearance (ml. /min.). 

t¢ Serum phosphate (mg./100 ml.) at midpoint of period. 

§ Tubular reabsorption of phosphate (mg. /min.). 
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cident two weeks postoperatively, before any tests were made in our re- 
search laboratory; serum calcium levels, determined in the hospital bio- 
chemical laboratory, had fallen to the normal range. 

Serum phosphate concentration was also within normal limits post- 
operatively in the 7 patients tested. 

Postoperative changes in TRP were relatively minor, except in 2 pa- 
tients. In Patient F.H., the TRP rose from 75 per cent to 95 per cent. In 
this case, a state of hypoparathyroidism was induced by the removal of 
four chief-cell adenomas, but the postoperative tests were made after 
symptoms were controlled with vitamin D therapy. It has been previously 
noted that TRP often remains high and Cl, low, in this situation (11). 
In Patient F.W., the TRP fell from 84 per cent to 64 per cent. Judging 
from the change in serum creatinine concentration, a significant deteriora- 
tion in renal function must have occurred in the interval between the pre- 
operative and the postoperative tests. It is known that TRP tends to fall 
as azotemia progresses (20). 

Moderate falls in Cl, occurred postoperatively in 4 of the patients and 
a marked fall in a fifth (F.H.). The behavior of Cl, in the remaining 2 
cases was unexpected. In Patient F.W., a decrease in Cl, would be an- 
ticipated, both because of the change in parathyroid function and _ be- 
cause of the fall in glomerular filtration rate. Surprisingly, a pronounced 
increase in phosphate excretion was found on repeated measurements, 
and the value for Cl, rose in spite of an increase in the serum phosphate 
level. The reason for this is obscure. In Patient T.M., a rise in phosphate 
excretion and Cl, was also noted, but only a single Cl, test was made post- 
operatively and the value may not have been representative. 

TmP was measured postoperatively in 5 of the patients. The value rose 
significantly (2.46 to 5.25 mg. per minute) in Patient S.J. In 2 patients 
(C.P. and T.M.) the change was not considered to be significant, and in 2 
(P.C. and F.W.) the TmP fell. The range of TmP values postoperatively 
was from 1.77 mg. (57 uM) to 5.25 mg. (169 uM) per minute, with a mean 
of 3.15 mg. (102 41M) per minute. This compares with a mean value of 
3.67 mg. (118 4M) per minute in the same 5 patients preoperatively. 


DISCUSSION 


It was not always possible to define TmP with certainty. In the pre- 
operative study of Patient F.W., for example, the value for RP appeared 
to be still increasing at the end of three and a half hours of phosphate in- 
fusion (Table 1). In 2 cases the RP failed to rise significantly (Patient 
A.R. preoperatively, and F.W. postoperatively), and in 2 cases it actually 
fell (Patient P.C. postoperatively, and F.H. preoperatively) during phos- 
phate infusion. Nevertheless, our data are in general accord with the thesis 
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that reabsorption of phosphorus can be characterized by a TmP value (12). 

Thompson and Hiatt found a wide range for TmP values in 24 studies on 
9 normal subjects (12). Their data, too, indicate some variability in RP 
from one clearance period to the next and the value assigned for TmP 
appears to be, as in our studies, sometimes arbitrary. The mean value for 
TmP in our hyperparathyroid patients (102 uM per minute) was lower 
than the mean value in their normal subjects (151 uM per minute), but all 
of our values fell within their normal range except for Patient A.R., in 
whom TmP was similar to TmP in their single case of hyperparathyroid- 
ism. The wide range of TmP that they noted in a relatively small number 
of subjects and the variability of results in the same subjects on different 
dates suggest that the normal range may be even wider than the limits of 
their data. This would make the findings in our hyperparathyroid cases 
even less significant, diagnostically. 

Our TmP values were higher than those reported by Williams e¢ al. (14) 
in 7 cases of hyperparathyroidism. In 5 of our 8 cases the preoperative 
TmP was above 103 uM/min./100 ml. of glomerular filtrate, which was 
- the highest value seen in their 7 patients. The normal range for TmP 
quoted by Williams eé al. (121-150 u.M/min./100 ml. inulin clearance) is 
probably too narrow, since Thompson and Hiatt’s normal values covered 
a range of 67 to 172 u.M/min./100 ml. inulin clearance. 

Our studies may be criticized because of the use of endogenous creatinine 
“chromogen” clearance rather than inulin clearance as a measurement of 
GFR. However, the experiments of Brod and Sirota (21) and Steinitz and 
Tirkand (22) suggest that the error in estimation of GFR by this tech- 
niaue is slight in subjects with normal renal function, and that only de- 
pressions of inulin clearance below 40 ml. per minute are likely to be ac- 
companied by significant over-estimations of GFR using creatinine 
“chromogen” clearance. None of our patients had a reduction in renal 
function of this magnitude although in Patients S.J. and T.M. (pre- 
operatively and postoperatively) and Patient F.W. (postoperatively) 
there was a moderate elevation of the serum creatinine ‘“‘chromogen”’ level 
and a depression of creatinine “chromogen”’ clearance. This may have 
resulted in an over-estimation of RP and TmP in these instances which, 
however, would be comparable in degree in both the preoperative and 
postoperative studies on Patients S.J. and T.M. 

The behavior of TmP in our patients after parathyroidectomy was 
surprising and we have no explanation to offer. In the first patient tested 
(S.J.), a significant rise in TmP occurred and we felt that this measurement 
might prove to correlate well with the state of parathyroid activity. The 
behavior of TmP in the subsequent 4 patients did not support this belief. 

It is known that restriction of dietary phosphate may elevate TRP 
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levels (11), and it may be that a subnormal dietary intake of phosphate 
explains why the TRP values in our hyperparathyroid patients were not 
as low as those reported by others. Though the 24-hour urinary phosphate 
values in our patients were within normal limits and did not suggest a 
restricted phosphate intake (Table 1), it is possible that urinary phosphate 
may not be a fair indication of phosphate intake because of the breakdown 
of bone or a change in the stool/urine ratio of phosphate. It seems less 
likely, judging from the data of Thompson and Hiatt (12), that TmP is 
markedly affected by the level of dietary phosphate. The failure of TmP 
values to correlate well with parathyroid activity in our patients indicates, 
then, that there may be multiple factors affecting phosphate excretion and 
that some of these factors have not been adequately controlled in our tests. 


CONCLUSION 


The determination of TmP by the method described here is not of prac- 
tical value in the diagnosis of hyperparathyroidism. TmP levels do not 
correlate well with parathyroid activity. 

These findings suggest that there may be multiple factors in addition to 
parathyroid activity affecting phosphate excretion and that these factors 
must be controlled before TmP can be used to assess parathyroid function. 
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ABSTRACT 


The thyroidal I'** uptake rate, one hour after injection of I'*!, was measured 
in 450 subjects before and after the administration of /-thyroxine for about 
three weeks. In 57 thyrotoxic patients without prior medication, the uptake 
rate showed a small, but significant mean rise after ingestion of thyroxine; in 
51 thyrotoxic patients previously treated with antithyroid drugs there was a 
small, insignificant mean rise after ingestion of thyroxine. When submitted to 
the suppression test, most of the 345 euthyroid subjects showed a marked fall 
in the initially elevated thyroidal I uptake rate. There was, however, a small 
region of overlap between the two types of patients, amounting to about 0.7 per 
cent of the total euthyroid group and 7.3 per cent of the total hyperthyroid 
group. The assessment of patients in these overlapping regions is discussed. 


INTRODUCTION 


HE diagnosis of overt forms of thyrotoxicosis by purely clinical 

methods is easy but in a thyroid clinic a considerable number of 
cases present a diagnostic problem, chiefly that of distinguishing anxiety 
states, with or without goiter, from thyrotoxicosis. To reduce the per- 
centage of diagnostic errors to a minimum, the use of I'*' tracer tests has 
become routine; indeed best results, by present-day standards, can be 
achieved only by a combined approach through clinical medicine and the 
laboratory. 

A high rate of thyroidal I'*! uptake is characterististic of thyrotoxicosis, 
and repetition of this measurement after administration of desiccated 
thyroid or one of the thyroid analogues (the so-called ‘“‘suppression’’ test) 
provides the best single laboratory aid available at present (1-4). 

In this paper we examine changes occurring in the thyroidal I'* uptake 
rate after thyroxine therapy, in a variety of conditions. A sensitive index, 
the short-term thyroidal I'*' uptake rate, k:, has been used as the basis of 


the study (5). 
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Inherent in the variability of biologic responses is the fact that not all 
euthyroid subjects show an equal degree of thyroidal suppression with the 
same dose of thyroxine. Moreover, in some euthyroid goitrous patients, 
relatively little suppression occurs. An attempt has been made in this 
study to define statistically the diagnostic significance of numerical 
changes in the value of the uptake rate after administration of thyroxine. 


METHODS 

Intravenous injections of 10-uc. doses of I'*' were used in all patients studied. The 
thyroidal I'** uptake and renal excretion rates were calculated from observations ob- 
tained with a collimated scintillation counter over the patient’s neck for ten minutes 
after injection and at about one hour later, together with the results of assay of the I'*! 
excreted in the urine during the same period. These methods have been described previ- 
ously (5). The results of each test were expressed as k, (thyroidal) and ke (renal) rates, 
these being the fractions of iodide removed each minute from the extrathyroidal iodide 


space. 

After an initial uptake test, the patient was given equal oral doses of /-thyroxine so- 
dium twice daily, up to the morning of the next uptake test. Corrections were applied 
when necessary for any radioactivity remaining in the patient’s neck from previous 
tracer tests. i 


RESULTS 


Thyrotoxic patients unaffected by prior medication 


Of the thyrotoxic patients studied, 57 were unaffected by prior thyroid- 
affecting medication, as judged by the criteria specified in an earlier study 
(6); in particular, no antithyroid drugs had been taken within the pre- 
ceding two years. In Table 1 are listed the thyroidal uptake rates (k,) ob- 
served in these cases before and during ingestion of thyroxine. In the 
right-hand column this change is expressed as x, the logarithm of the ratio 
of k, values, where 


k; before thyroxine 
x = lo ( ) (1) 


during thyroxine 


A positive value of x represents a fall in k; while the patient is taking 
thyroxine, and a negative value of x represents a rise in k. 

The tabulated results for x were found to be distributed normally, a x? 
test for goodness of fit giving a value P=0.10. The application of Chau- 
venet’s criterion eliminated the two largest negative values of x (Cases 1 
and 2); the remaining 55 cases then had the following characteristic values: 


mean — 0.0264 
standard deviation of single value + 0.0850 


standard error of mean + 0.0113. 
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TaBLe 1, EFFECT OF THYROXINE ON k; OF THYROTOXIC PATIENTS 
UNAFFECTED BY PRIOR MEDICATION WITH ANTITHYROID DRUGS 
Thyroidal I! uptake rate 
Thyroxine (10° k;) 
Case No. Duration of During * 

Dose h Initial 

(mg/day) therapy nitia admin. 

‘ (days) thyroxine 
1 0.4 9 15 37 —0.39 
2 0.4 14 30 60 —0.30 
3 0.4 14 40 67 —0.22 
4 0.4 14 7.6 12 —0.20 
5 0.4 12 17 26 —0.18 
6 0.4 13 9.0 13 —0.16 
7 0.25 18 21 31 —0.16 
8 0.4 16 40 57 —0.16 
9 0.3 21 6.0 8.4 —0.14 
10 0.4 20 6.2 8.4 —0.14 
11 0.4 8 34 46 —0.13 
12 0.4 12 15 20 —0.13 
13 0.4 28 22 29 —0.12 
14 0.4 16 21 28 —0.12 
15 0.4 22 22 27 —0.09 
16 0.4 27 23 27 —0.07 
17 0.5 14 16 19 —0.07 
18 0.4 21 34 39 —0.06 
19 0.2 14 13 15 —0.06 
20 0.4 20 20 22 —0.05 
21 0.4 20 8.0 8.9 —0.05 
22 0.3 8 6.9 7.8 —0.05 
23 0.3 42 17 19 —0.04 
24 0.4 10 45 49 —0.04 
25 0.4 21 17 18 —0.03 
26 0.3 15 13 ‘14 —0.03 
27 0.7 12 8.9 9.5 —0.03 
28 0.4 16 a 28 —0.03 
29 0.4 5 33 35 —0.02 
30 0.5 22 8.6 9.0 —0.02 
31 0.4 14 10.9 11.3 —0.02 
32 0.4 16 49 50 —0.01 
33 0.4 14 24 25 —0.01 


| 
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TABLE 1. (Continued) 


Thyroidal I'*' uptake rate 
Thyroxine (10° k;) 
Case No. Duration of During - 
Dose h Initial 
(sing. therapy nitia admin. 0 

(days) thyroxine 
34 0.4 14 11.3 11.6 —0.01 
35 0.4 14 48 47 0.01 
36 0.4 14 33 32 0.01 
37 0.4 8 15 14 0.01 
38 0.4 56 11 10.5 0.02 
39 0.4 15 24 23 0.02 
40 0.4 14 15 14 0.03 
41 0.4 14 18 17 0.03 
42 0.5 29 5.9 5.5 0.03 
43 0.4 24 9.2 8.6 0.03 
44 0.2 7 54 50 0.03 
45 0.4 14 41 38 0.03 
46 0.3 28 14 13 0.04 
47 0.4 14 13 12 0.04 
48 0.4 21 14 13 0.05 
49 0.4 14 16 14 0.05 
50 0.5 42 16 14 0.06 
51 0.4 21 7.4 6.3 0.07 
52 0.4 21 9.5 8.1 0.07 
53 0.4 7.4 6.2 0.08 
54 0.6 10 7.3 6.0 0.09 
55 - 0.4 12 12 9.5 0.10 
56 0.4 21 21 15 0.14 
57 0.4 21 5.9 4.2 0.15 


The mean was significantly different from zero at the 2.3 per cent level 
of probability. 


Thyrotoxic patients who had recent antithyroid medication 


The remaining 51 thyrotoxic patients had had antithyroid medication 
some time before undergoing the thyroxine suppression test. The observed 
k, values, and logarithm x of their ratio, are listed in Table 2. 

In this group also the x values were distributed normally, a x’ test 
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TABLE 2. EFFECT OF THYROXINE ON k; OF THYROTOXIC PATIENTS 
PREVIOUSLY TREATED WITH ANTITHYROID DRUGS 
Thyroidal I'*' uptake rate 
Thyroxine (107 k;) 
Case No. Duration of During a 
Dose 
therapy Initial admin. of 
mg./day) (days) thyroxine 
Al 0.25 9 10.6 34 —0.51 
A2 0.4 6 ino 14 —0.29 
A3 0:7 8 Pf 44 —0.20 
A4 0.3 42 20 32 —0.20 
A5 0.4 14 5.6 8.6 —0.18 
A6 0.7 14 13 19 —0.16 
A7 0.4 15 15 22 —0.15 
A8 0.14 14 29 40 —0.14 
AQ 0.4 21 22 27 —0.09 
A10 0.4 15 27 33 —0.09 
All 0.4 21 28 34 —0.08 
Al2 0.7 50 7.9 9.6 —0.08 
Al13 0.4 21 19 22 —0.07 
Al4 0.3 13 20 24 —0.07 
Al5 0.4 28 8.0 9.2 —0.06 
Al6 0.3 9 —0.06 
Al7 0.7 7 49 55 —0.05 
A18 0.4 12 30 34 —0.05 
A19 0.4 26 19 21 —0.05 
A20 0.4 8 38 42 —0.04 
A21 0.4 21 9.1 9.9 —0.04 
A22 0.4 8 38 41 —0.04 
A23 0.4 6 vf 7.8 —0.03 
A24 0.4 13 26 28 —0.03 
A25 0.4 14 12.8 13.3 —0.02 
A26 0.7 10 22 22 0.00 
A27 0.4 6 an 46 0.00 
A28 0.4 29 6.8 6.6 0.01 
A29 0.4 15 27 26 0.02 
A30 0.4 21 10.6 10.2 0.02 
A31 0.4 13 9.4 8.9 0.02 
A32 0.4 14 21 20 0.02 
A33 0.4 7 49 44 0.04 
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TABLE 2. (Continued) 


j 131 
Case No. Duration of During 5 

Dew h Initial dmin. of 

(mg./day) therapy nitia. a 0 

(days) thyroxine 
A34 0.7 10 22 20 0.04 
A385 0.4 5 34 31 0.05 
A36 0.4 18 6.3 5.5 0.06 
A37 0.4 21 12 10.5 0.06 
A38 0.4 21 9.4 8.3 0.06 
A39 0.4 14 22 19 0.06 
A40 0.4 35 8.4 7a 0.08 
A41 0.4 12 5.3 4.4 0.08 
A42 0.4 13 21 17 0.10 
A43 0.3 24 16. 13 0.11 
A44 0.4 14 19 14 0.14 
A45 0.5 35 21 15 0.15 
A46 0.4 15 20 14 0.16 
A47 0.4 15 41 27 0.18 
A48 0.4 23 15 10 0.18 
Al9 0.4 16 79 50 0.20 
A50 0.4 25 16 8.1 0.30 
A5l1 0.3 15 51 25 0.30 


giving P=0.93. Chauvenet’s criterion eliminated the largest negative 
value of x (Case Al), leaving 50 cases with the following characteristics: 


mean + 0.0029 
standard deviation of single value + 0.1223 
standard error of mean + 0.0173. 


It is clear that the mean for this series did not differ significantly from 
zero. 


Euthyroid subjects 

The euthyroid subjects studied consisted of normal volunteers without 
thyroid disease as well as patients classified as euthyroid after considering 
all test results and clinical signs. Many of these patients had goiters, and 
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many had initial thyroidal I“ uptake rates in the borderline euthyroid- 
hyperthyroid zone (6). 

In 18 cases out of a total of 345, thyroxine in doses of the order of 0.4 
mg. per day for twenty-one days lowered k; to zero, with a corresponding 
value x=. For the remaining 327 subjects the range of x was from 
0.063 to 2.21, with a mode of 0.85. 

With this wide spread of values the distribution of x was skew and not 
normal. However, the lower values of x were of immediate interest because 
they adjoined or overlapped those found in thyrotoxic patients; a plot of 


TABLE 3. EFFECT OF THYROXINE ON k; IN 9 EUTHYROID PATIENTS IN WHOM 
THYROIDAL SUPPRESSION WAS THE MOST DIFFICULT 
(9 females from a total of 345 subjects) 


Patient | Patient | Patient | Patient | Patient | Patient | Patient | Patient | Patient 
El E2 E3 E4 E5 E6 E7 E8 E9 
Age (yrs.) 50 48 28 43 31 63 40 50 49 
Goiter size* 2 3 2 3 s 3 2 1 2 
Thyroxine therapy 
dosage (mg. /day) 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.3 
duration (days) 22 21 21 43 27 21 14 ll 119 
Thyroidal I"! uptake rate 
105 ki, initial 5.52 6.09 3.31 4.13 5.92 3.98 4.20 5.26 7.40 
103 k; with thyroxine 4.77 5.25 2.76 3.14 4.43 2.91 3.03 3.75 5.26 
x -063 .064 .079 .119 .126 .136 .142 .147 .148 
Serum PBI (ug. /100 ml.) 5.3 
Thyroidal statust 
Clinical E E E E E E E B E 
By uptake rate B B E E B E E E B 
By PBI E 


* All of these goiters were nodular. 
¢ E =euthryoid; B =doubtful, euthyroid vs. hyperthyroid. 


the frequency of occurrence of these lower values showed that in only 0.5 
per cent of the euthyroid cases would the values for x be less than 0.064. 

Table 3 is a summary of the data on 9 euthyroid patients showing the 
lowest values of x in the series studied. 


Effect of thyroxine on renal excretion rate (ke) 


With the methods used in this investigation, the renal excretion rate 
(ks) is needed only for a correction in calculating the thyroidal uptake 
rate (k,); less precision is therefore required in measuring k:. Accordingly, 
no attempt was made to stimulate urine flow during the one-hour period of 
collection. Nevertheless, the number of patients studied was sufficient to 
demonstrate a small rise in k, while thyroxine was being administered. 


or 

= 

i 

. 

. 
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Using the equation 


before 
x, = lo 
ke during thyroxine 


(11) 


values were calculated for 86 thyrotoxic and 320 euthyroid subjects. Table 
4 shows the mean values and standard errors in x,. It is evident that the 
data are insufficient to demonstrate a significant change, if there was one 
to be found, for the thyrotoxic group. For the euthyroid subjects and for 
the complete group, however, the change in ks was significant. The mean 
change was a rise of about 9 per cent while thyroxine was being adminis- 
tered. 


TABLE 4. EFFECT OF THYROXINE ON RENAL RATE (ko) 


Category Euthyroid | Hyperthyroid| All patients 
Number of patients 320 86 406 
. Mean x, —0.041 —0.011 —0.035 
Standard error of mean 0.0070 0.019 0.0068 
Probability (P) that difference from zero 
is not significant <0.001 (Not significant <0.001 
DISCUSSION 


Following the ingestion and absorption of doses of exogenous thyroxine 
comparable with amounts normally secreted, an increased metabolic rate 
would be expected. This might account both for the average increase of 
6.3 per cent in the uptake rate (k,) of thyrotoxic patients unaffected by 
prior medication and for the average increase of 9 per cent in the renal 
excretion rate (k2) of all patients. The rise in renal excretion has been 
studied in more detail by Hlad and Bricker (7). 

In thyrotoxic patients, overdosage with antithyroid drugs may produce 
further thyroid enlargement with artificial elevation of the already high 
k, values. Administration of thyroxine may then partially suppress the 
k,. Thus in a sample of treated thyrotoxic patients, the suppression test 
may raisé or lower the k, value, yielding on the average a negligible change. 

In contrast, the euthyroid patient usually shows a marked fall in k, 
while taking thyroxine. A small group of euthyroid patients will exhibit 
suppression of the I'*' uptake rate only with rather large doses of thyroxine, 
possibly because of poor absorption of the orally administered compound. 
Thus there is a certain amount of overlap between the groups. 

Statistical data published earlier (6) show that in 80 per cent of all 
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euthyroid subjects, the status of the thyroid can be diagnosed clearly with 
a single I'*' uptake test. In the remaining 20 per cent a suppression test 
will be required to clarify the diagnosis. Similarly, in 50 per cent of hyper- 
thyroid patients without prior antithyroid therapy and in all of those 
treated with antithyroid agents, the suppression test will be required for 
clarification of the diagnosis. However, the number of patients needing 
the additional test can be reduced by sacrificing diagnostic accuracy; this 
is a question to be decided in any thyroid clinic. Accepting a limit of 0.1 
per cent of all euthyroid cases being wrongly diagnosed as toxic, not more 
than 0.5 per cent of those needing the suppression test should be wrongly 
diagnosed. As shown previously in the series of cases reported here, this 


a b c 
Euthyroid — 0:5 96% 
. wrong retest correct 
No prior 
medication Mean 
Hyperthyroid % 10% 
correct retest wrong 
' 
With prior < wrong retest correct 
medication ( Mean 
correct retest wrong 
Logarithmic suppression x ! 1 
k, before thyroxine it 
Ratio 


k, on thyroxine 0-947 194 
1-01 


Fia. 1. Percentage of patients in different diagnostic zones 
for the thyroxine suppression test. 


limit is found by taking a boundary value of x=0.064,: representing a 
thyroxine suppression of k, to 0.863 of its initial value (border line ‘“‘a” in 
Figure 1). Cases in which the suppression of thyroidal uptake is less than 
this, are diagnosed as hyperthyroidism. 

The foregoing value of x =0.064 is 1.06 standard deviations above the 
mean x for hyperthyroid patients without antithyroid medication, so 14.5 
per cent of those given the suppression test (that is 7.25 per cent of the 
whole hyperthyroid group) will show a degree of inhibition indistinguish- 
able from that in euthyroid patients. This group needs further study by 
some independent method of assessment. Similarly, 31 per cent of the 
hyperthyroid patients with prior antithyroid therapy need further assess- 
ment. 

Further, x will exceed 0.171 in only 1 per cent of hyperthyroid patients 


. 
\ 
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Step Test 


Interpretation* 


Further steps needed 


No prior antithyroid drugs 


1 Thyroidal I'*! uptake, Clearly euthyroid None 
giving ki=u Clearly hyperthyroid None 
Borderline Step 2 
2 Thyroidal I'*! uptake u <1.16 v, hyperthyroid | None 
while taking thyroxine, | u >1.48 v, euthyroid None 
giving ki=v 1.16 v <u <1.48 v, bor- | Re-assess completely after 


derline 


2 or 3 months. Use PBI 
as diagnostic aid. 


Prior antithyroid drugs 


1 Thyroidal I! uptake, 
giving ki=u 


Clearly euthyroid 
Borderline or raised 


None 
Step 2 


2 Thyroidal I'*! uptake 
while taking thyroxine, 
giving ki=v 


u <1.16 v, hyperthyroid 

u >1.94 v, euthyroid 

1.16 v <u <1.94 v, bor- 
derline 


None 
None 
Step 3 


3 Thyroidal I'*! uptake 
after stopping thyrox- 
ine for 3 weeks, giving 
ki =W 


w <1.16 v, hyperthyroid 

w >1.48 v, euthyroid 

1.16 v <w <1.48 v, bor- 
derline 


None 

None 

Re-assess completely after 
2 or 3 months. Use PBI 
as diagnostic aid. 


* See reference (6) for diagnostic limits. 


without prior medication, and will exceed 0.287 in 1 per cent of the patients 
with prior medication. The logarithms correspond, respectively, to a fall 
of k, to 0.674 and 0.516 of its initial value. These limits are illustrated in 
Figure 1. 

Recommended steps in the diagnostic procedure follow the schedule of 
Table 5. 

The schedule includes as step 3 a “‘reverse”’ suppression test applicable 
to doubtful cases possibly affected by prior administration of antithyroid 
drugs. In these cases administration of thyroxine may cause a marked fall 
in the observed uptake rate k,; when thyroxine is discontinued, however, 
the level to which the k, value relapses may be taken as the “‘initial’’ k, 
and considered as if the patient were unaffected by antithyroid therapy. 
Figures 2 and 3 show examples of the operation of this test. 

Figure 2 illustrates observations on a euthyroid patient treated with 


10* k, 


RATE 


UPTAKE 


Corbimazole ceased 


5 earlier 


co} 


fo} 


Thyroxine 


Patient J.C. 
x =0:537 


ie} 20 40 60 80 100 120 140 160 
TIME IN DAYS 


Fig. 2. Reverse thyroxine suppression test on a euthyroid 
patient previously treated with antithyroid drugs. 
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carbimazole Thyroxine O-3mg/day 

Patient G.C. 


x=-0:098 


0 10 20 30 40 50. 60 70 
TIME IN DAYS 


Fig. 3. Reverse thyroxine suppression test on a thyrotoxic 
patient previously treated with antithyroid drugs. 


40 
20 

x 

F 

WwW 
a 

of 

60 
50 

10 


August, 1960 THYROXINE SUPPRESSION TEST 1157 


carbimazole five months before uptake tests began. The high initial up- 
take rate induced by antithyroid drugs (10°k,=58) was reduced to 11.4 
by thyroxine, 0.2 mg. per day for three weeks, and remained substantially 
constant (observed value 12.8) after a further three weeks at this dosage 
level. Increased amounts of thyroxine, 0.4 and 0.7 mg. per day, further 
reduced 10°k; to 3.5 and 3.0, respectively. After thyroxine was discon- 
tinued, the rate relapsed to 10*k,=11.1. Assuming that the latter value 
characterized this patient when unaffected by antithyroid drugs, the cal- 
culated logarithmic suppression is then x=0.537, corresponding to a 
clear diagnosis of euthyroidism. 

In contrast to the foregoing case, Figure 3 shows observations on a 
thyrotoxic patient with superimposed hyperplasia from prior antithyroid 
drug therapy in excessive dosage. After an initial substantial lowering of 
the uptake rate by thyroxine therapy, this rate showed only a small 
change on stopping thyroxine. The fall of k, after discontinuation of 
thyroxine (x= —0.098) corresponds to the negative “suppression” that 
is characteristic of many thyrotoxic patients. This x value indicates a 
‘clear diagnosis of thyrotoxicosis in cases unaffected by antithyroid drugs. 
The patient was subsequently rendered euthyroid with I'* therapy, achiev- 
ing uptake rates in the euthyroid zone, readily suppressible with thyroxine. 


REFERENCES 


1. Greer, M. A., and Smita, G. E.: Method for increasing the accuracy of the radio- 
iodine uptake as a test for thyroid function by the use of desiccated thyroid, J. Clin. 
Endocrinol. & Metab. 14: 1374, 1954. 

2. Moraans, M. E.; OtpHam, A. K., and Trotter, W. R.: Effect of exogenous thy- 
roxine on radioiodine uptake in‘normal subjects and in cases of thyrotoxicosis in 
remission, J. Endocrinol. (London) 8: 250, 1952. 

3. Starr, P., and LissHoup-Scuvceck, R.: Effect of oral thyroxine and triiodothyronine 
on radioactive iodine uptake and serum P.B.I. in normal human subjects, Proc. 
Soc. Exper. Biol. Med. 83: 52, 1953. 

4. WERNER, S. C., and Spooner, M.: New and simple test for hyperthyroidism, employ- 
ing /-triiodothyronine and the twenty-four hour I"! uptake, Bull. New York Acad. 
Med. 31: 137, 1955. 

5. Oppir, T. H.; Mescuan, I., and Wortuam, J. T.: Thyroid function assay with radio- 
iodine. I. Physical basis of study of early phase of iodine metabolism and iodine up- 
take. II. Routine calculation of thyroidal and renal rate constants, J. Clin. Invest. 34: 
95 and 106, 1955. 

6. Oppir, T. H.; THomas, I. D.; Runpue, F. F.; Myur1, J., and Cart, B.: Diagnostic 
limits for thyroidal radioiodine uptake rates, J. Clin. Endocrinol. & Metab. 20: 389, 
1960. 

7. Huap, C. J., and Bricker, N. 8.: Renal function and I'* clearance in hyperthyroid- 
ism and myxedema, J. Clin. Endocrinol. & Metab. 14: 1539, 1954. 
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The Subdepartment of Endocrinology and Metabolism, Albany 
Medical College, Albany, N. Y. 


ABSTRACT 


The aldosterone antagonist, SC-8109, was administered to a patient with 
clinical and biochemical evidence suggesting mineralocorticoid excess. There 
was an increase in the urinary Na/K ratio in association with a complete re- 
versal of serum electrolyte levels to normal. At operation, the adrenal glands 
showed nodular hyperplasia. The response to a spirolactone such as SC-8109 
may prove useful in the diagnosis of primary mineralocorticoid excess. 


INCE the isolation of aldosterone from beef and hog adrenal extracts 

by Simpson et al. (1) and the reports of Conn (2, 3) and Conn and 
Louis (4), many instances of primary hyperaldosteronism have been re- 
ported, and aldosterone has been shown to be a contributing factor in 
certain previously unexplained entities such as familial periodic paralysis 
(5), chronic idiopathic edema (6), and potassium-losing renal disease (7). 
The diagnosis of primary hyperaldosteronism is usually based on findings 
of hypertension, hypokaliemia, alkalosis and an increased excretion of 
aldosterone. Other associated findings include muscular weakness and 
abnormal renal function, such as polyuria, polydipsia, hyposthenuria and 
persistent alkalinity of the urine (8). 

It has been observed that aldosterone excretion may be normal even in 
the presence of an aldosterone-secreting tumor (9). In the patient to be 
described, the clinical features and biochemical findings suggested a state 
of mineralocorticoid excess, but the urinary excretion of aldosterone was 
normal. With the administration of an aldosterone antagonist (SC-8109) 
there was restoration of blood electrolyte levels to normal. An operation 
was performed which revealed nodular hyperplasia of both adrenal glands. 
The electrolyte balance studies carried out while using this aldosterone 
antagonist [19-nor-3 (3-oxo-178-hydroxy-4-androsten-17a-yl) propionic acid- 
y-lactone] (SC-8109) are described. It is also proposed that this agent 
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might be used profitably in elucidating conditions with findings sugges- 
tive of primary mineralocorticoid excess. 


CASE REPORT 


A.K., a 52-year-old white female, was admitted to the Albany Hospital for the first 
time in November 1957 because of malaise, fatigability, weakness, frontal headache, 
polydipsia and polyuria of several months’ duration. During the same period she had 
lost 12 pounds in weight. Easy fatigability had been present for two years. She did not 
complain of vertigo, nausea or vomiting, and denied having chest pain, palpitation, exer- 
tional dyspnea or ankle edema. 

According to the past history, the patient had never been seriously ill. Mild diabetes 
was detected in 1950 and was controlled by diet alone. The blood pressure at that time 
was recorded as 150/90 mm. Hg. Subsequently she was told on other occasions that her 
blood pressure was slightly elevated. No urinary-tract diseases had ever been diagnosed. 
There was no family history of kidney or heart disease. ; 

Physical examination reveaied an alert, anxious and emotionally labile white female. 
No hirsutism or signs of masculinization were present. Bilateral funduscopic examination 
showed marked arteriolar spasm and slight arteriovenous nicking, but no hemorrhages or 
exudates; the optic discs were clear. The heart was slightly enlarged to the left. The 

-pulse rate was 72, and the rhythm was regular. The blood pressure was 260/130 mm. Hg. 
The peripheral pulses were present and easily palpable. Examination of the extremities 
revealed nothing abnormal, and no edema was detectable. The reflexes were symmetrical 
and normally active. 

The laboratory findings are listed in Table 1. The results of renal function studies 
were within normal limits. Phenolsulfonphthalein (PSP) excretion was 59 per cent in 
two hours. Daily urinary volume did not exceed 3,000 ml. 

During the period of hospitalization the blood pressure varied only slightly. She was 
discharged in December 1957. The diagnosis was mild diabetes and essential hyperten- 
sion. 

In June 1958 the patient was readmitted for further evaluation of hypertension. 
Since her discharge in 1957 she had continued to lose weight and noticed increased nerv- 
ousness and loss of appetite. She had also noticed increased muscular weakness. The 
blood pressure at the time of admission was 220/160 mm. Hg. The findings on physical 
examination were again normal for the most part, with the exception of hypertension, 
left ventricular hypertrophy and hypertensive retinopathy. 

The hematologic, urinary, and blood chemical findings are listed in Table 1. Kidney 
function tests yielded the following results: total PSP excretion, 63 per cent and 55 per 
cent on two different occasions after two hours; urea clearance, 41.5 per cent average 
normal clearance. A retrograde pyelogram showed normal structures and equal function 
of both kidneys as measured by PSP excretion and by measurements of sodium and po- 
tassium excretion from each kidney (right =Na, 20 mEq./L and K, 4.7 mEq./L; left 
=Na, 22 mEq./L and K, 4.7 mEq./L). The results of liver function tests were within 
normal limits. An intravenous glucose tolerance curve was of the mild diabetic type. 

The existence of a pheochromocytoma was ruled out by negative results with two 
regitine tests, a negative result with a benzodioxane test, and a catecholamine excretion 
of less than 2 wg. per 100 ml. (normal range, 0-14 ug. per 100 ml.). 

Serum electrolyte determinations showed a presistent hypokaliemia and moderate 
alkalosis in the presence of normal serum sodium and chloride levels (Table 1). The 
electrocardiogram showed left ventricular hypertrophy and T wave changes which were 
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TABLE 1. LABORATORY DATA 


First admission 


Second admission 


Hematology 
Hemoglobin 
Hematocrit 
Leukocytes 


Total eosinophils 


14.5 Gm./100 ml. 
42% 
7000/cu. mm. 
(normal differential count) 


12.8-15.0 Gm./100 ml. 
41% to 45% 
4800-8400/cu. mm. 
(normal differential count) 
156/cu. mm. 


Urinalysis 

Reaction 

Specific gravity 
Albumin 

Sugar 

Acetone 

Sediment 


Culture (ureteral) urine 


acid to neutral 

up to 1.016 

0 to 1+ 

0 to slight trace 

0 

occasional white blood cell; no 
glitter cells 


neutral to alkaline 

up to 1.012 

1+ to 2+ (0.1 Gm./24 hrs.) 
0 

0 

occasional white blood cell 


no growth 


Blood—biochemical data 

Nonprotein nitrogen 

Urea nitrogen 

Sugar (fasting) 

Sugar; 2 hrs. after i.v. 
glucose 

Sodium (serum) 

Potassium (serum) 

Carbon dioxide (plasma) 

Chlorides (serum) 

Protein (serum) 

A/G ratio 


29 mg./100 ml. 
95 mg./100 ml. 
105-107 mg./100 ml. 


139 mEq./L 

3.8 mEq./L 

30 mEq./L 

101 mEq./L 

7.0 Gm./100 ml. 


31 and 34 mg./100 ml. 

14-23.5 mg./100 ml. 

75 to 80 mg./100 ml. 

133 mg./100 ml. (glucose 
tolerance test) 

140 to 145 mEq./L 

2.7 to 3.38 mEq./L 

27 to 30 mEq./L 

100 mEg./L 

5.8 Gm./100 ml. 

3.6/2.2 


Liver function tests 
Bromsulfalein 
Thymol turbidity 
Cephalin flocculation 


5.5% dye retained 
2.0 Maclagen units 
1+(24 hrs.); 2+(48 hrs.) 


not inconsistent with hypokaliemia. The salivary Na/K ratio was, on several occasions, 


below 0.5 (10). 


Urinary 17-ketosteroid and 17-hydroxycorticoid determinations before and during 
an intravenous ACTH-stimulation are listed in Table 2; these values indicated normal 
adrenal function. Urinary aldosterone excretion (11) was 11 ug. per twenty-four hours 
(normal range, 2-15 wg. per twenty-four hours). 


INVESTIGATIVE PROCEDURES 


Although a single urinary aldosterone value was within normal limits, primary 
mineralocorticoid excess as a cause for the clinical picture was strongly suspected. An in- 
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TABLE 2. URINARY AND PLASMA STEROID LEVELS BEFORE AND 
DURING INTRAVENOUS ACTH Test 


ACTH test 

Control (25 units ACTH i.v. in 8 hrs.) 

Aldosterone (urine) 11 pg./24 hrs. (normal, 
2-15 ug.) 
Pregnanetriol (urine) 1.6 mg./24 hrs. —- 
17-Ketosteroids (urine) 5.0 mg./24 hrs. 9 mg./24 hrs. 
17-OH-corticosteroids (urine) | 4.7 mg./24 hrs. 17.5 mg./24 hrs. 
Plasma hydrocortisone 13 wg./100 ml. ug./100 ml. (after 4 hrs.) ; 
50 ug./100 ml. (after 8 hrs.) 


direct approach to establish the diagnosis was chosen by means of the administration of 
an aldosterone antagonist, the spirolactone SC-8109. 

The patient was given a constant 1,800-calorie diet with a sodium content of 136 mEq. 
per day and a potassium content of 50 mEq per day, for fifteen days. After a six-day 
control period, she received SC-8109 orally for four days as follows: 1,000 mg. in frac- 
tional doses the first and second day, 800 mg. the third day, and 2,000 mg. the fourth 
day. After withdrawal of SC-8109, the balanced diet was continued for five more days. 
Throughout the test period, 24-hour urines were collected and analyzed for sodium and 
potassium. Numerous determinations were made of the concentration of serum electro- 
lytes and salivary sodium and potassium. 


RESULTS 
Biochemical findings 


Serum sodium and potassium levels, urinary sodium and potassium 
excretion and the urinary Na/K ratio before, during and after administra- 
tion of SC-8109 are presented in Figure 1. The mean values for the three 
study periods were: (a) control period, urinary sodium 139.0 mEq. and 
potassium 74 mEq. per twenty-four hours; (b) during administration of 
SC-8109, sodium 207.0 mEq. and potassium 49.0 mEq. per twenty-four 
hours; (c) following discontinuation of SC-8109, sodium 158.0 mEq. and 
potassium 92.0 mEq. per twenty-four hours. A complete reversal of the 
serum electrolyte pattern to normal occurred within the four days during 
which SC-8109 was administered. A marked rise in the serum potassium 
level with a decrease in urinary potassium excretion was accompanied by a 
slight fall in the serum sodium level and an increase in urinary sodium ex- 
cretion. These findings were also reflected in a pronounced increase in the 
mean urinary Na/K ratio from 1.87 to 4.35. After withdrawal of SC-8109, 
there was a marked rebound phenomenon, as can be noted in the serum 
and urinary electrolyte levels. The salivary Na/K ratio remained un- 
changed. No change in blood pressure occurred during the test period. 
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SC 8109 
Fig. 1. Effect of administration of the spirolactone, SC-8109, on urinary and serum 
Nat and Kt levels as well as the urinary Na/K ratio. Note the return of the serum Kt 
level to normal and the decrease in urinary K* excretion during the administration of 
SC-8109. 


Operative and pathologic findings 


Based on the physical and laboratory findings, as well as on the serum 
and urinary electrolyte changes which developed during the administra- 
tion of SC-8109, the condition was diagnosed as mineralocorticoid excess. 

A transabdominal laparatomy was performed by Dr. Charles Eckert. 


‘The right adrenal was normal in size. The left adrenal was slightly en- 


larged, but no tumor could be palpated. A total adrenalectomy was per- 
formed on the left side and a subtotal adrenalectomy on the right side. 
At the same time, kidney and muscle biopsy specimens were taken. The 
postoperative course was uneventful, and the patient recovered within a 
normal period. 

The left adrenal weighed 6.0 Gm., and the tissue removed from the 
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right adrenal weighed 5.5 Gm. Sections from the left adrenal showed 
slight hypertrophy of the cortex, and in some areas there was a suggestion 
that the zona glomerulosa was narrow and compressed whereas the zona 
fasciculata was markedly broadened. The hyperplastic cells of the latter 
zone, however, could not be specifically identified as to whether they were 
exclusively glomerular or fascicular in origin, but since they were im- 
mediately adjacent to the adrenal capsule they were assumed to represent 
primarily cells of the glomerular zone. Measurements of nucleolar and 
nuclear size yielded the following average results: hyperplastic area, 87.8 
and 11.69 sq. mm. respectively; glomerular zone, 33.0 and 581 sq. mm. 
respectively; fascicular zone, 45.2 and 806 sq. mm. respectively.! There 
was marked hyaline thickening of the walls of the small arterioles. Sec- 
tions from the portion of the right adrenal gland showed similar histologic 
changes. 

Biopsy of the left kidney revealed marked vascular disease and tubular 
damage. The vascular disease appeared to be of the arteriolar type. The 
glomeruli were not involved except occasionally, with minute hyaline 
‘thrombi appearing in some of the capillaries of the glomerular tufts. The 
tubular epithelium showed relatively marked parenchymatous and hy- 
dropic degeneration and in some places hyaline degeneration. In some areas 
there was an associated moderate chronic inflammatory cell infiltration of 
the renal interstitial tissue. The major renal arteries were moderately 
- atherosclerotic, but nearly all of the arterioles, including many pre- 
glomerular arterioles, showed marked hyaline thickening of the walls. 


Postoperative course 


Following the operation the patient was maintained with desoxycor- 
ticosterone acetate, cortisone, sodium and potassium chloride. The serum 
sodium level dropped as low as 130 mEq. per liter, whereas the serum 
potassium level rose as high as 5.0 mEq. per liter after large amounts of 
potassium had to be given to restore the patient’s potassium pool. Sub- 
sequently serum potassium concentration never fell below 4.0 mEq. per 
liter. The patient was maintained with a daily dosage of 37.5 mg. of cor- 
tisone, 0.1 mg. of 9a-fluorohydrocortisone, and 3 Gm. of sodium chloride. 
The blood pressure remained persistently at 220/160 mm. Hg. The patient 
died suddenly three months later, from cerebral hemorrhage. Upon ex- 
amination five days prior to her death the blood pressure was 220/180 
mm.Hg. Laboratory tests showed a hemoglobin level of 14 Gm. per 100 ml., 
serum sodium 134 mEq. per liter, potassium 4.1 mEq. per liter, carbon 


1 These measurements were kindly performed by Dr. Richard Miller. Details regard- 
ing this technique and its interpretations have already been reported in previous publica- 
tions (18-20) 
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dioxide 25 mEq. per liter, and chlorides 100 mEq. per liter. The blood 
urea nitrogen level was 16 mg. per 100 ml. 


Necropsy findings 

There was a recent, massive hemorrhage in the left temporo-parietal 
region of the brain and multiple recent small hemorrhages of the mid-brain 
and pons. The heart showed moderate left ventricular hypertrophy. The 
heart valves were normal in size, and their leaflets and cups were thin 
and smooth. There was marked atherosclerosis of the aorta, and of the 
coronary and cerebral arteries. The kidneys showed, as in the biopsy 
specimen, marked arteriolar nephrosclerosis with degenerative changes in 
the tubular epithelium. These tubular changes were most pronounced 
in the distal segments; similar, though less pronounced, changes were 
also seen in the proximal segments. 


DISCUSSION 


Although the clinical picture and the biochemical findings in this pa- 
tient were consistent with primary mineralocorticoid excess, several fac- 
tors of unusual interest are worth emphasizing. The most common under- 
lying pathology in primary hyperaldosteronism is an adrenal adenoma 
(12). Only 4 cases with hyperplasia of the adrenal glands (as found in our 
patient) have been reported so far, and 3 of these 4 patients were less than 
20 years of age (13-16). In 1 case there was no sign of adrenal pathology 
(17), but aldosterone excretion was increased and the clinical picture was 
reversed after unilateral adrenalectomy. In our patient both adrenals 
showed definite nodular hyperplasia of the zona glomerulosa with func- 
tional overactivity. There was nuclear and nucleolar hypertrophy in the 
cells of the glomerular zone. Miller (18-20) demonstrated in the rat that 
stimulation of the adrenals with corticotropin resulted in nuclear and nuc- 
leolar hypertrophy as well as mitochondrial proliferation in the cells of 
the fascicular zone, and that these changes were related to the formation of 
cortical hormone or of a precursor. 

The finding of a normal urinary excretion of aldosterone is of interest. 
In other cases of mineralocorticoid excess, normal levels of urinary aldo- 
sterone have been reported (9, 21), but Conn (22) emphasizes the vari- 
ability in excretion of aldosterone, and that several determinations on 
different urine specimens may be required before finding an abnormal 
value. In our patient the possibility of an increased production of another 
adrenal steroid possessing marked mineralocorticoid activity has not been 

tuled out. Mader and Iseri (23) reported a case with an adrenal adenoma 
containing large amounts of corticosterone as well as aldosterone. Ulick, 
Laragh and Lieberman (24) observed in a case of primary hyperaldo- 
steronism an increase in the amount of urinary tetrahydroaldosterone, but 
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normal urinary excretion of aldosterone along with an increased secretion 
of aldosterone from the adrenals. 

The high urinary potassium excretion, in view of the low level of serum 
potassium, is indicative of a severe loss of potassium through the kidneys 
and consequent depletion of body potassium. The administration of a 
spirolactone provided evidence that the renal loss of potassium was due 
to mineralocorticoid excess rather than to intrinsic renal damage such as 
potassium-losing nephritis (25). Several authors (26-33) have reported 
that mineralocorticoid activity in man and animals is inhibited by SC- 
8109 and its 19-nor analog (SC-5233) at the renal tubular level, probably 
by a competitive action similar to that shown for hydrocortisone (34) 
and progesterone (35). Spirolactones are ineffective in normal persons with 
a normal or high-sodium intake (27, 28, 33) or in Addison’s disease (29). 
An electrolyte effect has been observed in normal subjects receiving a 
low-sodium diet and in Addisionian patients maintained with desoxycor- 
ticosterone acete DCA (29). In situations associated with secondary hy- 
peraldosteronism, sodium diuresis has been reported (29, 32, 36), but not 
“consistently. 

Salassa et al. (30) administered SC-8109 for nineteen days to a patient 
with primary hyperaldosteronism due to an adrenal adenoma and ob- 
served a return of the abnormal serum and urinary electrolyte levels to- 
ward normal. Our patient received this drug during a shorter period and 
in a smaller total dose, which resulted in a definite reversal of urinary and 
serum electrolyte levels. After the withdrawal of SC-8109 the originally 
abnormal electrolyte pattern again became apparent in an even more 
pronounced fashion. Our study-provided definite evidence that the kidneys 
were able to conserve potassium once the effect of the mineralocorticoids 
was counteracted. The fact that potassium levels were normal after 
adrenalectomy is a further indication that the loss of potassium was not 
due to a primary renal tubular factor with inability to retain potassium. 

In this patient the metabolic response to the spirolactone provided addi- 
tional evidence for a state of mineralocorticoid excess of adrenal origin. 
This diagnosis was subsequently confirmed at operation and by the clinical 
and biochemical responses to adrenalectomy. In clinical states in which 
mineralocorticoid excess is suspected and results of serial determinations of 
urinary aldosterone are either unavailable or normal, the reversal of the 
typical biochemical findings to normal following administration of spiro- 
lactone may serve as a useful adjunctive diagnostic aid. However, states 
of secondary hyperaldosteronism must be ruled out first. 
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PROMINENT PERIPHERAL EDEMA ASSOCIATED 
WITH PRIMARY ALDOSTERONISM DUE TO 
AN ADRENOCORTICAL ADENOMA 
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ABSTRACT 


A case of primary aldosteronism in association with prominent peripheral 
edema is described. There were no abnormalities of plasma protein or of cardiac 
or renal function which could account for the edema formation; aldosteronism 
was the only demonstrable etiologic factor. Removal of an adrenocortical 
adenoma cured the edema and the features of primary aldosteronism immedi- 
ately. The edema reappeared postoperatively when desoxycorticosterone was 
administered and promptly disappeared when it was stopped. Extensive pre- 
operative and postoperative metabolic studies are presented and discussed in 
detail. The findings suggest a reciprocal relationship between hypokaliemic 
alkalosis and edema as manifestations of aldosteronism. 


T IS well known that patients with diseases characterized by the for- 
mation of edema may excrete large amounts of aldosterone in the urine 
(1). Since urinary aldosterone may also be consistently increased by sodium 
restriction, the sodium retention in both conditions has been attributed to 
the effect of aldosterone on the renal tubules. When primary aldosteronism 
was first described, edema was not a part of the syndrome (2); numerous 
subsequent reports have noted its absence. Indeed, the presence of edema 
has been thought to indicate that the hyperaldosteronuria was ‘‘pre- 
sumably secondary” (3) or resulted from a “dysregulation of stimuli’ 
(4) rather than from an adrenocortical tumor. 
This report describes a case of primary aldosteronism in which edema 
was a prominent, and indeed, the presenting sign. The edema and all other 
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features of the syndrome disappeared upon removal of an adrenocortical 
adenoma, and returned only upon administration of sodium-retaining 
hormones. 


CASE HISTORY 


M.B., a 39-year-old Caucasian nurse was well until August 1951, when she noted the 
onset of edema of the face (primarily periorbital) and hands on arising in the morning. 
The edema was not associated with pain or pruritus and disappeared within a few hours 
after arising. During the next several months the degree of edema became more marked, 
and headache was present on awakening. Soon she became aware of pedal and pretibial 
edema late in the day, with disappearance during the night. A medical evaluation in 
1952 revealed a blood pressure of 142/90 mm. Hg, whereas previously the blood pressure 
had been considerably lower (December 1942, 112/66; May 1946, 106/60; September 
1950, 130/80). X-ray examination of the chest showed the heart to be normal in size 
and contour. Albuminuria first appeared in June 1953, the results of all previous urinal- 
yses having been completely normal. In April 1954 the blood pressure was recorded as 
150/90, with continued albuminuria, a morning-urine specific gravity of 1.010 and a 
normal phenolsulfonphthalein excretion. The edema and headaches became progres- 
sively more severe and were accompanied by weakness, fatiguability and occasional 
-dizziness. The patient was hospitalized on August 25, 1954. Blood pressure at that time 
varied from 180/110 to 210/120, the ocular fundi showed attenuation of the retinal 
arteries, and there was a grade II cardiac systolic apical murmur. 

Laboratory data were as follows: Hemogram, normal: Urine—specific gravity 1.005- 
1.020, with a trace of albumin, a normal microscopic picture, and no bacterial growth on 
cultures. Phenolsulfonphthalein excretion was 25 per cent in fifteen minutes and 59 
per cent in two hours. The level of serum sodium was 142 mEq. per liter, and of potassium 
4.1 mEq. per liter; blood urea nitrogen concentration was 10 mg. per 100 ml. X-ray 
examination of the chest showed an increased transverse diameter of the heart (cardio- 
thoracic ratio 14.5/26.5). An excretory urogram and electrocardiograms were normal. 
Venous pressure was normal. A sodium amytal test lowered the blood pressure to 
120/80, a cold pressor test raised it to 260/120, and injection of benzodioxane produced 
no change. 

The patient was thought to have severe essential hypertension with no evidence of 
myocardial insufficiency. She was closely followed as an outpatient, and it was observed 
that spontaneous fluctuations occurred in the severity of symptoms and the height of 
the blood pressure, so that at times she was asymptomatic and normotensive. She had 
two spontaneous abortions and a stillbirth. She was admitted to Walter Reed Army 
Hospital on September 29, 1956. 

Physical examination: The ocular fundi showed marked arterial tortuosity and nar- 
rowing, with a flame-shaped hemorrhage in the left eye. Visual acuity was not grossly 
impaired, but the patient complained of a decrease in acuity over the previous several 
years. The heart was slightly enlarged to percussion, A2 was louder than P2, and there 
was a grade II apical systolic murmur. Blood ‘pressure was 190/110. The lungs were 
clear. No abdominal organs or masses were felt. There was 3-plus pitting edema of the 
lower extremities in the late afternoon, and of the face and hands the following morning. 
The remainder of the physical examination was unremarkable. An electrocardiogram 
showed a marked decrease in the amplitude of the T vector. 

Course in the hospital. Initial laboratory data included a serum sodium concentration 
of 150 mEq. per liter, potassium 2.8 mEq. per liter, carbon dioxide combining power 
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33 mEq. per liter, magnesium 2.2 mg. per 100 ml. and blood urea nitrogen 10 mg. per 
100 ml. The plasma protein concentration and electrophoretic pattern were normal. The 
patient was transferred to the Metabolic Ward, where multiple adrenal and renal studies 
were performed. Venous pressure was always normal. As a result of these studies, the 
diagnosis of primary aldosteronism was made. 

A left adrenal tumor was visualized radiographically (Fig. 1), and bilateral adrenal 
exploration was performed. The right adrenal gland and both kidneys were grossly nor- 


Fig. 1. Roentgenogram of the abdomen following presacral injection of air, 
demonstrating a small mass overlying the left kidney. 


mal, and biopsy specimens were taken. Located within the left adrenal gland was a well 
encapsulated tumor, which was removed with the entire gland. The biopsies of the 
kidney and right adrenal gland showed normal histologic structure; that of the left 
adrenal tumor showed typical adrenocortical adenoma. The left adrenal gland and the 
tumor were assayed for steroid content by Drs. Ralph Peterson and Bernard Kliman. 
The results are shown in Table 1. Following operation the edema disappeared com- 
pletely, blood pressure returned to normal within three weeks, weakness and fatiguabil- 
ity disappeared, heart size and the ocular fundi returned to normal, and the electrocardio- 
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gram showed a marked increase in T vector. There has been no recurrence of signs or 
symptoms in the period of more than two years since surgery. No replacement therapy 
has been necessary, although there was transient hypoaldosteronism immediately after 
operation. 


METHODS 


All metabolic studies were carried out while the patient was in the Metabolic Re- 
search Ward, Walter Reed Army Hospital. The diet during all metabolic balance studies 
was liquid, and prepared as previously reported (5). The diet for a given period was 
calculated and prepared from single lots of ingredients, and random samples were 
analyzed by the metabolic laboratory throughout all study periods. All diets were pre- 
pared and measured in the metabolic diet kitchen under the supervision of a specially 


TABLE 1. STEROID CONTENT OF LEFT ADRENOCORTICAL ADENOMA AND 
LEFT ADRENAL GLAND REMOVED AT OPERATION i 
(micrograms per gram of tissue) 


Specimen | Cpd F* Cpd B* |Aldosterone | DOC* 
.. Left adrenal gland (normal tissue) 5.7 2:3 . 0.45 0.24 
Left adrenocortical adenoma 15.8 ", $238 1.41 1.29 


* Cpd F =hydrocortisone; Cpd B =corticosterone; DOC = desoxycorticosterone. 


trained dietitian, and throughout all periods contained about 60 Gm. of protein daily, 
with a caloric intake of about 2200 calories. Sodium and potassium content were varied 
as indicated on the balance graphs. In one study, potassium chloride was given during 
one period and buffered KH.PO./K,HPO, during the second period. Additional fluid 
was allowed by means of an unrestricted intake of distilled water but this intake was 
measured. : 

All laboratory examinations, except routine blood counts and aldosterone determina- 
tions, were carried out by the Research Laboratory. The procedures used were standard 
ones and have been reported previously (6). The serum concentrations of corticosterone 
(compound B) and hydrocortisone (compound F) were measured by Dr. Joseph 
McLaughlin, Walter Reed Army Institute of Research (7). Urinary aldosterone content 
was determined in the laboratory of Clinical Endocrinology, National Heart Institute, 
by bioassay in dogs (8) and by the double isotope derivative method as described by 
Peterson and Kliman (9). The steroid content of the adrenocortical adenoma and left 
adrenal cortex was determined by Dr. Ralph Peterson and Dr. Bernard Kliman of the 
National Institute of Arthritis and Metabolic Diseases. 


RESULTS 


Studies before operation included tests of (a) renal function, (b) adreno- 
cortical function, (c) responses to high-sodium and low-sodium intake, 
and (d) responses to high-potassium, low-sodium intake. Studies after 
operation included tests of (e) early and late response to low-sodium intake, 
and (f) response to desoxycorticosterone and aldosterone. The results are 
shown in Figures 2 through 9. 
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(a) Renal function: Inulin clearance was normal (120 ml. per minute), 
as was para-aminohippurate clearance (700 ml. per minute). T°’H,O was 
determined! in the manner of Zak, Brun and Smith (10). The results 
(Fig. 2) fell within the normal range reported by Zak et al. The maximal 
osmolality of the urine, however, as determined after dehydration and 
administration of Pitressin but before solute-loading, was well below nor- 
mal (460 milliosmols per liter). Ability to retain sodium during a period of 
low-sodium intake was impaired despite elevated urinary excretion of 
aldosterone (see subsequent section). 


T 


T 


Fig. 2. Preoperative T°H.O plotted to 


7 show the difference between the observed 
. urinary osmolality and the isosmotic line, 
8 Te . . . 

: Pd during mannitol-induced osmotic diuresis 
6r following dehydration and stimulation 

with Pitressin. 

4+ 
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| 
3s 4 56769 0 N 213 


VOLUME (cc/min.) 


(b) Adrenal function: Control values for 17-hydroxycorticosteroid ex- 
cretion were low-normal (3.8 and 3.5 mg. per twenty-four hours). Control 
values for 17-ketosteroid excretion were 10.0 and 8.4 mg. per twenty-four 
hours. During administration of A'-9a-fluorohydrocortisone (2 mg. per 
day), the 24-hour excretion of 17-hydroxycorticosteroids fell to 2.5 mg. 
and of 17-ketosteroids to 3.4 mg. A standard ACTH (adrenocorticotropin) 
test (40 units of ACTH intravenously in eight hours) resulted in a rise of 
urinary 17-hydroxycorticosteroids to 21 mg. per twenty-four hours and a 
rise in the plasma hydrocortisone level from 10 ug. to 28 wg. per 100 ml. 
The plasma corticosterone level rose from 3 ug. to 10 ug. per 100 ml. during 
this test. ACTH stimulation was continued with ACTH-gel (40 units 
intramuscularly three times daily) for an additional three days, at the 


1 T°H,O =the quantity of water abstracted per minute from the isosmotic glomerular 


filtrate. 
The authors are indebted to Dr. Euclid G. Herndon for performing this test. 
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end of which period the 24-hour excretion of 17-hydroxycorticosteroids 
had reached 61 mg. and the 17-ketosteroids, 27.6 mg. At operation, nor- 
mal adrenal tissue was obtained for steroid analysis. In Table 1 the steroid 
content of this normal tissue is compared with that of the tumor. The 
hydrocortisone, corticosterone, and aldosterone content of both normal 
tissue and tumor fell within the ranges described by Neher (11). 


SODIUM BALANCE (MEQ./DAY) 


POTASSIUM BALANCE (MEQ./DAY) 


WEIGHT (Kg) 


DAYS 


Fig. 3. Preoperative responses to average and low intakes of sodium. On this and all 
subsequent balance graphs (Figs. 5, 6, 8 and 9), the intake is plotted as the total height 
of the area down from the zero line and the output is plotted up from the intake line. 
The resultant balance is shaded (negative above the zero line, positive below the zero 
line). Fecal excretion is not plotted separately because of the extremely low content of 
sodium and potassium in the feces. 


(c) Response to changes in sodium intake: Figure 3 shows the responses 
to average and low intakes of sodium. When the patient took 110 mEq. of 
sodium a day, there was marked sodium retention with weight gain. When 
she took 37 and 9 mEq. a day, she consistently excreted large quantities in 
the urine, with a resultant negative sodium balance and weight loss. 
Throughout this study (Fig. 4) and subsequent studies, urinary sodium 
and potassium fluctuated together, their excretions indicating highly posi- 
tive balances. The correlation (r =.87, P <.001) suggests that renal tubular 
sodium may control potassium secretion in this syndrome (12). 
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URINARY SODIUM EXCRETION (MEQ/24 HOURS) 
140 
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Fia. 4. Urinary sodium and potassium excretion during the study shown in Figure 3. 
There was a high correlation between sodium and potassium excretion. 


A similar twelve-day study (not shown) confirmed these observations. 
Negative sodium balance developed during a period of low-sodium intake 
(9 mEq. a day) and positive sodium balance during a period of moderate- 
sodium intake (100 mEq. a day). There was, however, an “escape”’ from 
sodium retention, with a negative balance of 100 mEq. on the seventh day 
of the moderate-sodium intake. , 

Figure 5 shows the response to a high-sodium intake. When the patient 
took a diet containing 205 mEq. of sodium a day, sodium balance was 
positive with a gain in body weight; however, potassium was lost in large 
quantities, with the onset of hypokaliemic alkalosis. Aldosterone ex- 
cretion was consistently much higher than that determined by this method 
(3-10 wg. per day) in normal subjects receiving comparable sodium in- 
takes. 

(d) Response to low-sodium, high-potassium intake: Figure 6 shows the 
response to a low-sodium, high-potassium intake. When the patient took 
135 mEq. of potassium a day while receiving 9 mEq. of sodium a day, she 
consistently retained potassium, but lost sodium in almost equal quan- 
tities. During the twelve days of study she retained 520 mEq. of potassium 
and lost 482 mEq. of sodium. Body weight fell moderately. During this 
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SODIUM BALANCE (MEQ./DAY) 


POTASSIUM BALANCE (MEQ/DAY) 


POTASSIUM BALANCE (MEQ./DAY) 


SERUM ELECTOLYTES (MEQ/L) 


ALDOSTERONE EXCRETION (MICROGRAMS/DAY) od 
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Fig. 5. Preoperative response to a so- Fig. 6. Preoperative response to a low- 
dium intake of 205 mEq. Plasma concen- ~~ sodium, high-potassium intake. 
trations of sodium, potassium and carbon 
dioxide and changes in body weight are 
included. Urinary aldosterone content was 
measured on several days and is plotted to 
show the persistently high levels, despite 
sodium loading. These aldosterone values 
were obtained by bioassay; they were 
somewhat higher when measured by the 
double isotope derivative method. 
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study, 80 mEq. of the potassium was given as potassium chloride for the 
first six days and as neutral potassium phosphates for the second six days. 
Figure 7 shows the hydrogen ion excretion, as the sum of ammonium and 
titratable-acidity-minus-bicarbonate during the study. When potassium 
was given with the buffer, the excretion of titratable acidity promptly 
rose to a vaiue three times greater than the highest control value, and 
remained elevated. Ammonium excretion did not change. The serum 


100r 


80 MEQ. K 80 MEQ. K 
AS KCL AS KH, P0,/K,HPO, 


4 


DAYS 


Fig. 7. Excretion of ammonium plus titratable-acidity-minus- 
bicarbonate (mEq./day) during study shown in Figure 6. 


carbon dioxide content fell with administration of potassium chloride and 
vose slightly with administration of neutral potassium phosphates. 

(e) Postoperative responses to high-sodium and low-sodium intakes: Fig- 
ure 8 shows the early (three weeks) postoperative responses to high- 
sodium and low-sodium intakes. When the patient first took 200 mEq. of 
sodium a day, there was no sodium retention, no potassium loss, no change 
in serum potassium concentration, and no change in body weight. Aldo- 
sterone excretion was 6.3 wg. per day. The serum carbon dioxide content, 
which had risen with this diet preoperatively, fell slightly. When she took 
a diet containing 9 mEq. of sodium a day, there was marked loss of 
sodium, but virtually no retention of potassium. Aldosterone excretion 
was 9.6 wg. per day after three days of this diet, and 30.9 ug. per day after 
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Fia. 8. Early (three weeks) postoperative responses to 
high-sodium and low-sodium intakes. 


eight days. There was no change in body weight, but the serum sodium 
concentration fell from 138 mEq. to 121 mEq. per liter in ten days. The 
osmolality of the urine during this period remained consistently above that 
of the plasma. When she subsequently took a diet containing 200 mEq. 
of sodium a day, there was retention of sodium in quantities comparable to 
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those previously lost. Again, ‘body weight and potassium balance did not 
change appreciably, but serum sodium concentration rose from 121 mEq. 
to 137 mEq. per liter in four days. 

Figure 9 (days 1 through 18) shows the late (one year) postoperative 
responses to low-sodium and high-sodium intakes. When the patient took 
a diet containing 9 mEq. of sodium a day, she lost sodium for only one 
two-day period, and subsequently maintained sodium balance. Aldo- 
sterone excretion was 29 ug. per day after six days of this diet. When she 
took a diet containing 100 mEq. of sodium a day, she retained sodium for 
only a single two-day period. 

(f) Effects of desoxycorticosterone and aldosterone: Figure 9 shows also the 
effect of desoxycorticosterone (20 mg. a day for ten days) and of dl-aldo- 
sterone? (1.5 mg. a day for eight days). During administration of desoxy- 
corticosterone there was marked sodium retention, and a weight gain of 
4 Kg. Pitting edema, which had been absent since operation, again became 
apparent. During administration of aldosterone, similar but quantita- 
tively smaller changes occurred. The 24-hour excretion of aldosterone, 
determined for the last four days of aldosterone administration, was 8.4 
ug. on the fifth and sixth days, and 24.8 yg. on the seventh and eighth days. 


DISCUSSION 


Peripheral edema was clearly a cardinal feature of this patient’s disease, 
having preceded the hypertension by at least three years, and the hypo- 
kaliemic alkalosis by at least five years. 

There were no abnormalities of plasma protein or of cardiac or renal 
function which could account for the edema; aldosteronism was the only 
demonstrable etiologic factor. Removal of an adrenocortical adenoma 
cured the edema immediately and resulted in transient inability to con- 
serve sodium, which led to marked sodium loss and hyponatremia when 
dietary sodium was restricted. Edema reappeared when desoxycortico- 
sterone was administered and promptly disappeared when it was stopped. 

dl-Aldosterone, in a dosage of 1.5 mg. daily (0.75 mg. of d-aldosterone) 
for eight days, did not induce an appreciable amount of edema—a sur- 
prising result in view of the effectiveness of desoxycorticosterone acetate 
in a dosage of 20 mg. daily. This suggests that the ratio of potency of 
aldosterone to that of desoxycorticosterone acetate is much less than that 
derived (8, 13) on the basis of ‘‘acute’”’ bioassays. Recovery of aldosterone 
averaged 1 per cent of the dose over the last four days of administration. If 
this be a representative value for this patient, the earlier urinary aldo- 
sterone values indicate that quantities in excess of 20 mg. a day may have 


2 Kindly supplied by Crna Pharmaceutical Products Inc., through the Endocrinology 
Study Section, National Institutes of Health. 
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Fig. 9. Late (one year) postoperative responses to low-sodium and high-sodium in- 
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been secreted by the tumor. Recovery of aldosterone from urine after its 
administration to man has ranged from 2 to 13 per cent (14, 15). 

It is conceivable that edema could ordinarily be produced in a normal 

subject by aldosterone alone in quantities of this magnitude. However, 
very large doses of aldosterone (3-6 mg. per day for fourteen to twenty-six 
days) did not produce sustained sodium retention in 2 normal subjects 
(16). 
Edema formation depends ultimately upon sodium retention. Sodium 
retention, in turn, is dependent upon failure of renal sodium excretion to 
equal sodium intake. It appears unlikely that sodium-retaining steroids 
alone can induce a significant net sodium retention in most normal sub- 
jects (17, 18). Although these steroids in all probability increase the tub- 
ular transport of sodium, the resultant expansion of extracellular and 
intravascular fluid volume leads to an increase in the glomerular filtration 
rate (19), and an increase of the filtered sodium load, with establishment of 
a new “‘steady state’ (20, 21). Net sodium retention and edema will result 
only when the secondary increase in filtered ‘load’ and consequent ‘‘es- 
cape” are prevented. 

In cardiac failure, the renal plasma flow and glomerular filtration rate 
may be lowered out of proportion to the cardiac output. This has been 
attributed to reflex vasoconstriction resulting from an increase of vaso- 
motor activity, with an increase in secretion of catechol amines, as barocep- 
tor impulses are diminished (22, 23, 24). The rise of venous pressure in 
association, with cardiac failure doubtless results in part. from this type of 
reflex activity (22). Once renal vasoconstriction has occurred, an increase 
of tubular sodium reabsorption may not be followed by- a compensatory 
increase in the filtered load. In Patient M.B., however, there was no ap- 
parent hemodynamic reason for sustained sodium retention. Renal plasma 
flow, GFR, and venous pressure were normal and there was nothing to 
suggest secondary vasoconstriction; benzodioxane did not affect the hemo- 
dynamic status appreciably. 

When retained sodium expands extracellular fluid volume without af- 
fecting intravascular volume appreciably, ‘escape’ may likewise be pre- 
vented. In nephrosis, this sequence of events perhaps best explains the 
edema. Whatever the mechanisms, a similar sequence of events pertained 
in Patient M.B.; when she was given 110 mEq. of sodium a day there was 
retention on two occasions. ‘‘Escape”’ eventually occurred on day 7, albeit 
only after addition of some 2 liters of extracellular fluid, as estimated from 
gain in body weight and sodium retention. There was nothing in her case, 
however, to suggest abnormal leakage of protein to the extracellular space. 

The studies provide evidence of large shifts of sodium into body cells 
during periods of high-sodium intake. In the study shown in Figure 5, 
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the retention of sodium amounted to 700 mEq. during the first nine days. 
Serum sodium concentration rose by 7 mEq. per liter, but body weight 
fell by 1.6 Kg. Even with insensible sodium loss as great as 10 mEq. a 
day, the results require expansion of extracellular fluid volume by over 3 
liters to account for the changes without sequestration of sodium intra- 
cellularly. Venous and arterial pressures did not change over this period 
(venous pressure was 60-70 mm. H;O throughout) and there was nothing 
clinically to suggest expansion of extracellular fluid volume. 

When sodium was withheld (Fig. 6), there was a loss of 438 mEq. of 
sodium and retention of 328 mEq. of potassium in seven days. These 
changes were accompanied by a weight loss of 2.1 Kg. and a fall in serum 
sodium concentration of 11 mKq. per liter. According to current. concepts, 
total osmotically active solute fell by over 1,000 millimols in this period. 
The results thus suggest that the intracellular solute became osmotically 
inactive during the period of sodium loss (25). 

Hypokaliemic alkalosis, a cardinal feature of primary aldosteronism 
(2) was not present in Patient M.B. except when dietary sodium was 100 
mq. or more a day. In Figure 5 these changes are shown to be developing 
during the study. In patients with aldosteronism, the restriction of sodium 
often prevents loss of potassium and hydrogen (26). When the sodium 
intake is increased, urinary sodium increases proportionately ; edema is not 
a feature of the syndrome. Excessive loss of potassium and hydrogen pre- 
sumably requires sodium for exchange at tubular sites. In Patient M.B., 
large amounts of sodium could be ‘‘sequestered’”’ as edema fluid, and 
correspondingly less of the ingested sodium became available for tubular 
cation exchange. However, the striking and significant correlation between 
urinary sodium and urinary potassium (Fig. 4) supports the view that 
potassium excretion in this patient was dependent in part upon the avail- 
ability. of sodium for exchange. 

The clinical implications of this study are clear: 1) in a clinically “nor- 
mal” subject extensive edema may develop as a result of excessive sodium- 
retaining steroid, and 2) when an aldosteroma develops in such a subject, 
edema will result. It remains to be seen whether, in other patients with 
these two findings, the prominence of the hypokaliemic alkalosis will tend 
to be inversely related to that of edema. 
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ABSTRACT 


A case of Klinefelter’s syndrome associated with familial cerebellar ataxia 
is presented. This combination is reported for the first time. Evidence is ac- 
cumulating that seminiferous tubule dysgenesis is a genetically determined 
disorder. The association of this condition with another genetic disturbance 
suggested that a study of the patient’s family might be of value. However, no 
additional cases of seminiferous tubule dysgenesis were found. 


EMINIFEROUS tubule dysgenesis is known to occur in combination 

with a number of abnormalities of the central nervous system includ- 
ing dystrophia myotonica (1, 2) and mental deficiency (3, 4). To the au- 
thors’ knowledge the combination of seminiferous tubule dysgenesis and a 
familial type of cerebellar ataxia has not been reported previously. 

The purpose of this communication is to describe such a case and to 
present a study of the patient’s family in which a search was made for 
additional cases of seminiferous tubule dysgenesis as weil as for individuals 
with neurologic abnormalities. 


CASE REPORT 


R.N., a 31-year-old Puerto Rican male, was admitted to Kings County Hospital] in 
January 1958 because of ataxia. It had also been noted in the outpatient clinic that he 
had a eunuchoid habitus. ig : 

The patient came to New York City in November 1957. He had four years of school- 
ing and had worked on his father’s farm prior to leaving Puerto Rico. Following a febrile 
illness at the age of 12 he noticed that his hands were unsteady. The condition had re- 
mained almost unchanged since that time. Pubic hair developed at the age of 14 but the 
patient had never shaved. He had been married for several months at the age of 20. 
He stated that he experienced erections and was able to complete the sexual act. 

Physical examination showed the patient to be an alert, slender adult male (Fig. 1) 
who appeared much younger than his stated age. He weighed 128 pounds, was 66 inches 
tall and had an arm span equal to his height. His voice was moderately deep and his 
speech had a staccato quality. The skin was soft and smooth. There was no hair on the 
face or body except for a sparse pubic growth forming a female escutcheon. There was 
no gynecomastia. 


Received November 5, 1959. 
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Examination of the heart showed the point of maximal impulse to be in the fifth 
intercostal space 1 em. to the left of the midclavicular line, where a grade 1 systolic mur- 
mur was audible. The pulse rate was 56 per minute and there was sinus arrhythmia. The 
blood pressure was 108/62 mm. Hg. 

The penis measured 7.5 cm. in length and 9 cm. in circumference. The testes were 


Fig. 2. Patient’s signature, showing effect 
of tremor on handwriting. 


Fig. 1. Patient R.N., Fia. 3. Increase of transverse cardiac diameter. 
aged 31, showing eunuch- 
oid habitus and youthful 
appearance. 


small, each measuring approximately 1 em. X2 em. The prostate on rectal examination 
was very small. J 

The patient’s intellectual abilities appeared to be of low order but language problems 
plus his inadequate schooling made assessment difficult. There was a coarse tremor of his 
hands and arms which became exaggerated when called to his attention or when he at- 
tempted coordinated movements, e.g., the finger-nose test. The incoordination was well 
demonstrated by his handwriting (Fig. 2). The ataxia involved his legs, as shown by a 
somewhat unsteady gait. No defects were noted on examination of the cranial nerves 
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and the fundi were normal. There ‘was no nystagmus. The deep tendon reflexes were 
normal and there were no gross sensory disturbances. The left plantar response was 
extensor. A mild degree of scoliosis of the dorsal spine was noted, but there was no pes 
cavus. 

The results of routine laboratory examinations were within normal limits except for 
the presence of eosinophilia, probably resulting from ascaris and hookworm infestation 
since both types of ova were found in the stool. Radiologic examination of the skull 
showed nothing abnormal. X-ray examination of the heart showed some increase in the 
transverse diameter (Fig. 3). Incomplete fusion of the distal ends of the radii was 
the only other abnormal radiologic finding of note. An electroencephalogram revealed 


Fia. 4. Electrocardiogram, showing PR interval .22 sec., QRS complex .11 sec., 
QT interval .48 sec., and T wave abnormalities. ~ 


generalized nonparoxysmal slow dysrhythmia. The electrocardiogram (Fig. 4) demon- 
strated a PR interval of .22 see., while the QRS complex measured .11 sec. and the QT 
interval .48 sec. There were nonspecific T wave abnormalities in a number of the leads. 
The ballistocardiogram was normal and did not change after smoking. Rectal biopsy 
failed to reveal any evidence of schistosomiasis. 

The urinary excretion of ketosteroids was 7.4 mg. per twenty-four hours determined 
by the Gibson and Norymberski (5) modification of the method of Drekter et al.; 17-hy- 
droxycorticosteroids were determined by the Peterson et al. (6) modification of the Silber- 
Porter technique. The 24-hour urinary excretion of gonadotropin was significantly 
elevated, as measured by the method of Albert (7), being 368, 313 and 236 per cent higher 
than that of the injection control rats. Urinary creatinine excretion was 1.2 Gm. per 
twenty-four hours. Examination of 200 polymorphonuclear leukocytes revealed 8 cells 
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containing drumsticks indicative of the female nuclear chromatin pattern, and a smear 
of the buccal mucosa demonstrated a female sex chromatin pattern in 80 per cent of the 
cells. Testicular biopsy (Fig. 5) showed numerous small clusters of Leydig cells and 
atrophic tubules which contained scanty epithelial elements presumed to be Sertoli cells. 
There was no evidence of spermatogenesis. Marked hyalinization and fibrosis of the 
tubules was seen in other sections. 


FAMILY HISTORY 


The patient’s father, 6 siblings, 25 nieces and nephews as well as a number of their 
children were examined. In addition to a physical examination, electrocardiograms and 


Fia. 5. Testicular biopsy. The tubules show no evidence of spermatogenesis, and con- 
_tain only a few Sertoli cells. Numerous Leydig cells are present between the tubules. 
(Hematoxylin-eosin, reduced from -x 200.) 


roentgenograms of the heart were obtained. The chromosomal pattern was studied in the 
male members of this family by means of blood smears. 

The father was 76 years of age. During his childhood, shaking of the head and arms 
had developed; this condition had persisted unchanged but had not been severe enough 
to stop him from doing farm work all his life. Examination showed that he had a tremor 
limited to the head and upper extremities, of the same type as that exhibited by the 
patient. No cardiovascular abnormalities were detected. The patient’s mother had died 
at the age of 76 of causes unknown to the family. 

The patient was one of 8 siblings, of whom 4 were males. With the exception of the 
patient and one brother, all the siblings had children. This brother, aged 38, was exam- 
ined by the authors in a Puerto Rican mental hospital where he was confined because of 
catatonic schizophrenia. He was found to be a muscular male with facial hair, a male 
escutcheon and normal-sized genitalia. He had a definite tremor involving the extremi- 
ties. There were no other abnormal neurologic or cardiovascular findings. His blood 
smears showed a negative cellular chromatin pattern. 

One sister, aged 48, had marked ataxia of the arms and tremor of both hands which 
had been present since childhood. She, too, showed no other neurologic or cardiovascular 
abnormalities. One of her 9 children, a 22-year-old male, had exhibited antisocial be- 


1188 ARTHUR HECHT AND HERMAN RUSKIN Volume 20 


havior, and a diagnosis of psychopathic personality with homosexual tendencies had 
been made. He was found to be a muscular man with genitalia of normal size and a nega- 
tive chromosomal pattern. 

A 9-year-old niece of the patient was examined at a nearby mental hospital where she 
has been for several years because of severe mental retardation and epilepsy. She did not 
have ataxia or tremor, but both plantar responses were extensor. There was no evidence 
of cardiovascular disease. 


DISCUSSION 


The subject of this report was eunuchoid with poorly developed sec- 
ondary sex characteristics, small testes, azoospermia and dysgenetic semi- 
niferous tubules. There was no gynecomastia, but this condition is a vari- 
able feature of the syndrome of seminiferous tubule dysgenesis. The nu- 
clear chromatin pattern was female, which indicates the congenital nature 
of the testicular lesion. Of the male members of the patient’s family who 
were examined, none was found to have a female nuclear chromatin pat- 
tern nor any clinical evidence of Klinefelter’s syndrome. 

The patient’s ataxia involved the head and upper limbs predominantly, 
although the entire body was affected to some extent. His father, his 
brother and one sister also suffered from the same type of ataxia. The 
features of the disorder were not altogether typical of Friedreich’s ataxia, 
which is the most common familial variety, but resembled more closely 
dentate cerebellar ataxia. The cerebellar ataxias defy accurate classifica- 
tion since many familial varieties have been described, each one with its 
own special features. The affected brother was also psychotic. One niece 
had epilepsy and mental retardation, and one nephew had a psychotic 
personality. 

In addition to the two disorders already mentioned, the patient had 
some degree of cardiomegaly and an abnormal electrocardiogram. These 
findings are of particular interest since there is a high incidence of cardiac 
abnormalities in association with Friedreich’s ataxia (8) but the asso- 
ciation may also occur with other varieties of this disorder. Roth reported 
a family in which some members had ataxia and others had cardiomegaly 
(9). No cardiovascular abnormalities were discovered in the members of 
the patient’s family who were examined. 

The association of familial neurologic disorders with seminiferous 
tubule dysgenesis is known. These disorders include dystrophia myotonica 
(1, 2) and mental deficiency (3, 4). The incidence of chromatin-positive 
Klinefelter’s syndrome amongst male patients in a mental-deficiency 
hospital has been shown to be 1 per cent (3), and in a large group of men- 
tally handicapped prepubertal male children 1.2 per cent (4), making this 
association one of the most common in mental deficiency as seen in males. 
Although Klinefelter’s syndrome as originally described does not exist as a 
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clinical entity before puberty, histologic testicular abnormalities have been 
demonstrated in chromatin-positive prepubertal males at an early age (4). 

One must consider the possibility that the association of Klinefelter’s 
syndrome with familial cerebellar ataxia is purely fortuitous in this case, 
since it has been estimated that the former condition occurs in 1 out of 
every 400 males. 

Seminiferous tubule dysgenesis has been reported in identical twins (10), 
in brothers (2, 11-13), in first cousins (14) and in two generations of one 
family (15). Its familial occurrence is of interest in the study of the etiologic 
factors involved, more particularly of the genetic aspects of the disorder. 
Holub, Grumbach and Jailer (10) believe the evidence supports the concept 
that a genetic factor is involved in the pathogenesis of seminiferous tubule 
dysgenesis, 2.e., although the abnormality may not be genetically deter- 
mined, there is evidence in favor of genetic predisposition. Stewart et al. 
(16), as a result of their study of 27 cases gathered from patients attending 
a male subfertility clinic, are of the opinion that there is the possibility of 
_ familial transmission of both the chromatin-positive and the chromatin- 

negative types of Klinefelter’s syndrome. More recently Jacobs and 
Strong (17) as well as Stewart (18) have reported cases of chromatin- 
positive Klinefelter’s syndrome in which the cellular nuclei had 47 chromo- 
somes instead of the normal 46 and in which the sex chromosomal con- 
stitution was X XY, indicating that the condition is genetically determined. 
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Letter to the Editor 


THE METABOLISM OF 3a,17a-DIHYDROXYPREG- 
NANE-11,20-DIONE-4-C' IN VIVO* 


To THE EpITor: 


The metabolism of 3a,17a-dihydroxypregnane-11,20-dione-4-C" has 
been investigated in the human, resulting in the isolation from the urine 
of C-labeled 3a,17a,20a-trihydroxypregnan-ll-one, 3a-hydroxyetio- 
cholane-11,17-dione, and unconverted starting material. 

. A woman suffering from leukemia received orally 200 mg. of 3a,17a- 

dihydroxypregnane-11,20-dione-4-C'* (5 microcuries)' followed by an 
additional 200 mg. of the nonlabeled steroid on the second day. The 24- 
hour urine specimens were subjected to hydrolysis'and extraction in- 
dividually. The extracts were combined into a two-day control sample and 
a five-day composite of the treatment and post-treatment samples. 


The urine samples were adjusted to pH 6.5 and incubated for sixteen hours at 38° C. 
with bacterial 8-glucuronidase (30,000 units per liter). The hydrolysates were cooled in 
an ice bath, adjusted to pH 1 with hydrochloric acid, and extracted immediately three 
times with 0.5 volume of ethyl acetate. The total extract contained 90 per cent of the 
C™ excreted in the urine. The remaining 10 per cent of the radioactivity in the residual 
hydrolysate was extracted with ethyl acetate following hydrolysis by boiling for ten 
minutes with 15 volumes per cent of hydrochloric acid. The acid-hydrolysis (A) extracts 
were kept separate from the glucuronidase-hydrolysis (G) extracts throughout the isola- 
tion procedures, which included separation into ketonic and nonketonic fractions fol- 
lowed by purification using silica-gel chromatography and paper partition chromatogra- 
phy. The isolated steroids were identified by melting point, optical rotation, and infrared 
analyses. Radioactivity was determined by counting 0.1-mg. samples per 3.8 sq. cm. on 
aluminum planchets with a Q-gas counting chamber. 

The ketonic (G) fraction was chromatographed on silica gel and yielded a crystalline 
product following elution with benzene-ethyl acetate (1:1) and ethyl acetate. These 
eluates, which contained 6.6105 counts per minute, accounted for 98 per cent of the 
total counts in the ketonie fraction. Repeated crystallization from acetone yielded 27 mg. 
of the starting material, 3a,17a-dihydroxypregnane-11,20-dione, melting point 199- 
200° (13,010 counts/minute/mg.). No depression of the melting point was observed 
following mixture of the isolated product with an authentic sample, and their infrared 


* This study was supported in part by U.S.P.H.S. Grant No. A-2672 and U.S. Atomic 
Energy Commission Contract AT(30-1)-918. 
1 Supplied by the Endocrine Study Section of U.S.P.H.S. 
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spectra were identical. A small portion of the radioactivity remaining in the adjacent 
eluates of the ketonic fraction was probably due to additional starting material. How- 
ever, to determine whether any 17-desoxy analogues might have been present, 10-mg. 
amounts of nonlabeled 3a-hydroxypregnane-11,20-dione were added to the appropriate 
eluates and to part of the mother liquors. The initial recrystallization procedures with 
the added carrier resulted in a very rapid loss of the radioactivity present. 

The nonketonic fraction containing 9.0 X 10° counts per minute was chromatographed 
on a silica-gel column. Elution with benzene-ethyl acetate (2:1) removed 8.4 X 10* counts 
per minute, from which 55 mg. of crystalline material with a melting point of 188-193° 
was obtained. Rechromatography and recrystallization yielded 17 mg. of crystals melting 
at 206—209°, (a) p?7+28.4° (c, 0.725 in ethanol). The specific activity remained constant at 
13,700 counts/minute/mg. The acetate melted at 220-224.5°, (a)p?7+33.0° (c, 0.23 in 
ethanol). The free steroid was oxidized by sodium bismuthate to yield 3a-hydroxyetio- 
cholane-11,17-dione, identified through its infrared spectrum. The identity of the isolated 
urinary metabolite was established by comparison? of its infrared spectrum with that of 
an authentic sample of 3a,17a,20a-trihydroxypregnan-1 1-one (1). 

Labeled 3a-hydroxyetiocholane-11,17-dione (5.6 X10‘ counts) was isolated from the 
ketonic (A) fraction following paper chromatography in the ligroin-propylene glycol 
system for seventy-two hours. A major zone which was detected on paper with the 
Zimmermann reagent had the same R; value as that of standard 3a-hydroxyetiocholane- 
11,17-dione. The area was eluted and rechromatographed in the same system. The 
identity of this urinary product was established as 3a-hydroxyetiocholane-11,17-dione 
by infrared analysis of its monoacetate. 


The formation of a 17-ketosteroid from a ring A reduced Cz: precursor 
(2) and from a A‘-3-keto-C., precursor had been established previously 
(3). The 1.6 per cent yield obtained in this experiment agreed with those 
reported in previous studies. 

The failure to isolate urinary 17-desoxy-C2; metabolites as a result of 
17a-hydroxy] elimination in vivo, either by direct isolation or following the 
addition of 17-desoxy carrier steroids, confirms the findings of Rosselet, 
Jailer and Lieberman (4) and of Fukushima and Gallagher (5). These 
authors demonstrated the formation of a 20-ketone from the corresponding 
17a,20a-glycol, by boiling in hot acid. Previous isolations of 17-desoxy 
analogues (2, 6) may be considered as chemical artifacts and not the result 
of metabolic 17a-hydroxyl elimination. 

On the basis of the weight of the crude crystalline products obtained 
(33 per cent), or of the total radioactivity recovered (<50 per cent), a 
major portion of the administered steroid remained unaccounted for. 
Since the urinary excretion of C' on the fourth post-treatment day had 
fallen to less than 1 per cent of the administered radioactivity, other 
routes of excretion or binding to body proteins have to be considered. 

The administration of 3a,17a-dihydroxypregnane-11,20-dione-4-C™ to 


2 We are grateful to Dr. Lewis L. Engel, Massachusetts General Hospital, Boston, for 
his cooperation and for performing the infrared comparisons with an authentic sample. 
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a woman suffering from leukemia resulted in the urinary excretion of C'*- 
labeled 3a,17a,20a-trihydroxy-pregnan-11-one and 3a-hydroxyetiocholane- 
11,17-dione. 
Frank Uncart 
Barry R. Bloom 
I. DoRFMAN 
Worcester Foundation for Experimental Biology, 
Shrewsbury, Massachusetts, 
January 20, 1960 
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The Endocrine Society 


The 1961 Annual Meeting 


The Forty-Third Annual Meeting of the Endocrine Society will be held 
in the Hotel Biltmore, New York, N. Y., Thursday, Friday and Saturday, 
June 22, 23 and 24, 1961. 

The Chairman of Local Arrangements:is Dr. Joseph W. Jailer. 

The Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily 
and in addition there will be simultaneous afternoon sessions. The an- 
nual dinner is scheduled for Friday, June 23,.at 7:30 p.m., preceded by 
cocktails at 6:30 p.m. 

All members are urged to make their hotel reservations immediately. 
The Biltmore will hold 300 bedrooms for members until May 1, 1961, after 
which time the hotel will not guarantee further reservations. Therefore it 
is imperative that you make your reservations early, directly with the 
hotel, advising them of time and date of arrival and departure. If you plan 
on remaining through June 26 for the American Medical Association and 
other meetings, it is imperative that your reservations be made from 
June 26 on directly through the A. M. A. Housing Bureau. Make your 
reservations early and avoid disappointment. Hotel reservation card will 
be mailed to members shortly after January 1, 1961. 

Final program, membership card and advance registration forms will 
be sent on May 1, 1961 to members whose current dues have been paid. 


The 1961 Awards 


The selection of the recipients of the awards of Fhe Endocrine Society 
is made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. Endocrine Society awards are limited to citizens of the 
United States and Canada. 


FrEepD ConraD Kocu AWARD 


In 1957 a substantial legacy was bequeathed to the Society by the late 
Elizabeth Koch for the purpose of establishing the Fred Conrad Koch 
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Memorial Fund in memory of her late husband, Distinguished Service 
Professor of Physiological Chemistry at the University of Chicago and 
pioneer in the isolation of the androgens. This is the highest honor of The 
Endocrine Society and is represented by a medal known as the Koch 
Medal of The Endocrine Society. The medal, as well as an honorarium of 
$3,500, is to be given annually to an individual for work of special distinc- 
tion in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. 

This Award was first presented in 1959, to Dr. W. W. Swingle and in 
1960 was presented to Dr. Emil Witschi. The Koch Medal has replaced the 
Medal of The Endocrine Society which was established in 1954. 


Tue AWARD 


The Ciba Award is given in recognition of the meritorious accomplish- 
ments of an investigator in the field of basic or clinical endocrinology who 
_ has not reached his thirty-sixth birthday before June 1 of the year in which 

the Award is presented. This Award was established in 1942 and first pre- 
sented in 1944. The Award is presently in the amount of $2,500. 


Tue AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $5,000, may be divided into two Fellowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 

1. Evidence of scientific ability as attested by studies completed or in 

progress. 

2. Recommendations from individuals familiar with the candidate and 
his work. 

3. A proposed program of study. 

4, Acceptance of the individual by the head of the department in which 
the Fellowship will be held. 

5. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 
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Tue UPJOHN SCHOLAR OF THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. A grant has been made available through the generosity of the 
Upjohn Company, and will be awarded to an established investigator or 
teacher in the field of endocrinology who wishes to extend the opportunities 
for work either in this country or abroad. 

The award will not exceed $2,500 annually and will be granted on the 
basis of proposals submitted by the applicant. Such applications should 
include the estimated financial needs. The funds may be used for travel, 
maintenance and other expenses. 


NOMINATIONS 


Nominations for the Fred Conrad Koch Award, the Ciba Award, and 
the Ayerst and the Squibb Fellowships may be made by any member of 
The Endocrine Society. They should be submitted on forms which may be 
obtained from the Office of the Secretary, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. Completed nominations should be returned 
to the Secretary not later than October 16 each year. 

Proposals for appointments as a Scholar of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by October 15 each year. 


Twelfth Postgraduate Assembly in 
Endocrinology and Metabolism. 


UNDER THE Co-SPONSORSHIP OF THE ENDOCRINE SOCIETY AND 
THE UNIVERSITY oF WiIsconsIN MEpICcAL SCHOOL 


MapIson, WISCONSIN 
October 24 through 28, 1960 


The fee is $100.00 for physicians and $30.00 for Residents or Fellows 
taking the course. For further information or for requests to be included 
in the mailing of the brochure, including enrollment and hotel application 
forms, please write to: William D. Stovall, M.D., Coordinator of Post- 
graduate Education, Wisconsin Center Building, 702 Langdon Street, 
Madison 6, Wisconsin. 
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PROGRAM 
Monday Morning, October 24 


8:00— 9:00 Registration: Exhibit Gallery of the Wisconsin Center Building. 
9:00-12:30 HyporHaLamic AND Chairman: Dr. Charles W. 
Lloyd. 
Regulation of Endocrine Function and the Nature of Pituitary Hor- 
mones. Dr. Roland K. Meyer and Dr. William H. McShan. 
Hyperactivity of the Pituitary. Dr. Raymond V. Randall. 
The Diagnosis of Hypothalamic and Pituitary Failure. Dr. Charles W. 
Lloyd. 
Treatment of Pituitary Failure. Dr. Edgar S. Gordon. 
Panel Discussion of Cases. Drs. Lloyd, Gordon, McShan, Meyer and 
Randall. 


Monday Afternoon 


2:00— 5:30 Bone Metaso.ism. Chairman: Dr. F. Raymond Keating, 

Jr. 

Some Basic Concepts of the Anatomy and Physiology of Bone Tissues. 
Dr. John E.. Howard. 

Changing Concepts of Osteoporosis. Dr. G. Donald Whedon. 

Laboratory Evaluation of Bone Calcium Metabolism and Parathyroid 
Metabolism. Dr. Theodore B. Schwartz. 

Clinical Aspects of Hyperparathyroidism. Dr. F. Raymond Keating, Jr. 

Panel Discussion of Cases. Drs. Keating, Howard, Schwartz and Whedon. 


Tuesday Morning, October 25 


9:00-12:30 Tuyrorp. Chairman: Dr. Rulon W. Rawson. 
Hormone Synthesis and Hormone Transport. Dr. Joseph EL. Rall. 
Metabolism of Thyroid Hormones. Dr. Edwin C. Albright. 
Panel Discussion of Cases. Drs. Rawson, Albright, Keating, Rall and 
Turner. 


Tuesday Afternoon 


2:00— 5:30 Tuyrorp. Chairman: Dr. Brown Dobyns. 
Mechanisms of Action of the Thyroid Hormone. Dr. Henry Lardy. 
Genetic Factors in Simple Goiter. Dr. Judson J. Van Wyk. 
Panel Discussion of Cases. Drs. Dobyns, Lardy, McCullagh, Rawson and 
Van Wyk. 


Wednesday Morning, October 26 


9:00-12:30 AprEeNAL Cortex. Chairman: Dr. Peter H. Forsham. 

Introduction. Dr. Peter H. Forsham. 

Adrenal Steroids. Dr. Judson J. Van Wyk. 

Central Nervous System Regulation of Adrenal Cortical Function. Dr. 
William F.. Ganong. 

Addison’s Disease. Dr. Peter H. Forsham. 

Synthetic Steroids. Dr. Grant W. Liddle. 

Panel Discussion: Use of Anti-inflammatory Steroids. Drs. Forsham, 
Ganong; Liddle and Van Wyk. 
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Wednesday Afternoon 


2:00— 5:30 ApreNnat Cortex. Chairman: Dr. Grant W. Liddle. 
Primary Aldosteronism. Dr. Jerome W. Conn. 
Secondary Aldosteronism. Dr. Edgar S. Gordon. 
Cushing’s Syndrome. Dr. Randall G. Sprague. 
ACTH Suppression in Diagnosis of Cushing’s Syndrome. Dr. Grant W. 
Liddle. 
Virilizing Congenital Adrenal Hyperplasia. Dr. Judson J. Van Wyk. 
Panel Discussion: Treatment of Hyperactivity of the Adrenal Cortex. 
Drs. Liddle, Conn, Forsham, Hertz, Sprague and Van Wyk. 


Thursday Morning, October 27 
9:00-12:30 Testis. Chairman: Dr. Warren O. Nelson. 
Embryaggenesis of the Gonads and Gonadal Dysgenesis. Dr. Warren O. 
Nelson. 
Hypogonadism and Gynecomastia. Dr. E. Perry McCullagh. 
Cryptorchidism and Male Climacteric. Dr. John E. Howard. 
Sexual Precocity. Dr. David W. Smith. 
Male Infertility. Dr. Richard L. Landau. 
Panel Discussion of Cases. Drs. Nelson, Howard, Landau, McCullagh 
and Smith. 


Thursday Afternoon 


2:00— 5:30 Ovary. Chairman: Dr. Robert P. Greenblatt. 
Introduction. Dr. Robert P. Greenblatt. 
Progesterone and Its Metabolic Effects. Dr. Richard L. Landau. 
Treatment of Menstrual Disorders. Dr. Robert P. Greenblatt. 
Treatment of Endometriosis. Dr. Robert W. Kistner. 
Treatment of Abortion. Dr. Charles W. Lloyd. 
Panel Discussion of Cases. Drs. Greenblatt, Kistner, Landau and Lloyd. 


Friday Morning, October 28 
9:00-12:30 Draperes. Chairman: Dr. Randall G. Sprague. 

Disturbances of Intermediary Metabolism in Diabetes. Dr. Rachmiel 
Levine. 

The Relation between Lipid Metabolism and Diabetes. Dr. Edgar S. 
Gordon. 

Early Detection of Diabetes, and Speculations on the Possible Preven- 
tion of Diabetes. Dr. Stefan S. Fajans. 

Insulin and Oral Agents in Treatment of Diabetes. Dr. Randall G. 
Sprague. 

Pituitary and Adrenal Influences on Carbohydrate Metabolism as Ob- 
served in Clinical Diabetes. Dr. E. Perry McCullagh. 

Questions and Answers by members of panel and registrants. 


Friday Afternoon 
2:00— 5:30 Endocrinology and Oncology. Dr. Roy Hertz and Dr. Olaf H. Pearson. 

The Effect of Hormones on Lipid Metabolism. Dr. Howard Eder 

Question and Answer period. 
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FACULTY 


Epwin C. Ausricut, M.D., Professor of Medicine, University of Wisconsin School of 
Medicine, Madison. 

JEROME W. Conn, M.D., Professor of Medicine, Director, Division of Endocrinology 
and Metabolism, University of Michigan Medical Center, Ann Arbor. 

Brown Dosyns, M.D., Px.D., Associate Professor of Surgery, Western Reserve Uni- 
versity School of Medicine, and Assistant Director of Surgery, Metropolitan Gen- 
eral Hos;::tal, Cleveland, Ohio. 

Howarp Epemr, M.D., Associate Professor of Medicine and Radiology, Albert Einstein 
College of Medicine of Yeshiva University, New York City. 

Peter Forsuam, M.D., Professor of Medicine, University of California School of Medi- 
cine, San Francisco. 

Sreran S. Fasans, M.D., Associate Professor of Internal Medicine, University of Michi- 
gan Medical School, ‘Aen Arbor. 

WituraM F. Ganona, M.D., Assistant Professor of Physiology, University of California 
School of Medicine, fin Francisco. 

Epe@ar 8. Gorpon, M.D., Professor of Medicine, University of Wisconsin School of 
Medicine, Madison. 

Rosert B. Greensiartt, M.D., Professor of Endocrinology, Medical College of Georgia, 

“Augusta. 

Roy Hertz, M.D., Chief, Endocrinology Branch, National Cancer Institute, Bethesda, 
Maryland. 

Joun E. Howarp, M.D., Associate Professor of Medicine, Johns Hopkins University 
School of Medicine, Baltimore, Maryland. 

F. Raymonp Keatine, Jr., M.D., Professor of Medicine, Mayo Foundation, Graduate 
School, University of Minnesota; Consulting Physician, Section of Medicine, The 
Mayo Clinic, Rochester, Minnesota. 

Rosert W. Kistner, M.D., Associate Surgeon, Free Hospital for Women; Associate in 
Gynecology, Harvard Medical School, Boston, Massachusetts. 

Ricuarp L. Lanpau, M.D., Professor of Medicine, University of Chicago School of 
Medicine, Chicago, Illinois. 

Henry Larpy, B.S., M.S., Px.D., Professor of Biochemistry, Enzyme Institute, Uni- 
versity of Wisconsin, Madison. 

RacuMieEL Levine, M.D., Professorial Lecturer in Physiology, University of Chicago; 
Chairman, Department of Medicine, Michael Reese Hospital, Chicago, Illinois. 
Grant W. Lippe, M.D., Associate Professor of Medicine, Director of Endocrinology 

Service, Vanderbilt University School of Medicine, Nashville, Tennessee. 

Cuartes W. Luoyp, M.D., Professor of Obstetrics (Endocrinology) and Associate Pro- 
fessor of Medicine, State University of New York, Upstate Medical Center, Syra- 
cuse, N. Y. 

E. Perry McCutiacu, M.D., Head of Section of Endocrinology and Metabolism, 
Cleveland Clinic, Cleveland, Ohio. 

Wituiam H. McSuan, B.S., M.S., Px.D., Professor of Zoochemistry, University of 
Wisconsin, Madison. 

Rouanp K. Meyer, B.A., M.A., Pu.D., Professor of Zoology, University of Wisconsin, 
Madison. 

WarreEN O. Nextson, M.D., Pu.D., Medical Director, The Population Council, Inc., 
Rockefeller Institute, New York City. 


1199 


1200 NOTICES Volume 20 


OuaF H. Pearson, M.D., Associate Professor of Clinical Laboratory Medicine, Western 
Reserve University School of Medicine, Cleveland, Ohio. 

JosepH E. Ratu, M.D., Chief, Clinical Endocrinology Branch, National Institute of 
Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Mary- 


land. 

Raymonp V. Ranpauu, M.D., Assistant Professor of Medicine, Mayo Foundation, 
Graduate School, University of Minnesota; Consulting Physician, Section of Medi- 
cine, The Mayo Clinic, Rochester, Minnesota. 

Ruton W. Rawson, M.D., Executive Officer, Department of Medicine, Memorial 
Center; Chief, Division of Clinical Investigation, Sloan-Kettering Institute; Pro- 
fessor of Medicine, Cornell University Medical School, New York City. 

TuHeoporeE B. Scuwartz, M.D., Director, Section of Endocrinology and Metabolism, 
Professor of Medicine, University of Illinois College of Medicine, Chicago. 

Davip W. Situ, M.D., Assistant Professor of Pediatrics, University of ae 
School of Medicine, Madison. 

RanpALut G. Spraaur, M.D., Professor of Medicine, Mayo Foundation, Graduate 
School, University of aimevete: Consulting Physician, Section of Medicine, Mayo 
Clinic, Rochester, Minnesota. 

Henry H. Turner, M.D., Clinical Professor of Medicine, University of Oklahoma 
School of Medicine; Chief, Endocrine Clinic, University Hospitals, Oklahoma City. 

Jupson J. VAN Wyk, M.D., Associate Professor of Pediatrics, University of North 
Carolina School of Medicine, Chapel Hill. 

G. Donato Wuepon, M.D., Chief, Metabolic Diseases Branch; Assistant Director, 
National Institute of Arthritis and Metabolic Diseases, National Institutes of 
Health, Bethesda, Maryland. 


New York University Post-Graduate Medical School 
Course in Gynecological Endocrinology 


A practical, didactic and clinical presentation with emphasis on the 
therapeutic management of endocrine disorders in the female, including a 
discussion of the diagnosis and management of intersex will be offered. 
Endocrine therapy for menstrual abnormalities and ovulatory defects will 
be presented. Adrenocortical, thyroid, ovarian and pituitary abnormalities 
will be emphasized. Practical diagnostic tests are discussed and demon- 
strated, as well as the therapeutic use of the newer progestational, gonadal 
and corticoid steroids. Some pertinent aspects of male endocrinology will 
be included. Five-day, full-time course, October 17 through 21, 1960. Tui- 
tion: $140.00. Given under the direction of Dr. Herbert S. Kupperman. 
For further information, write to the Office of the Associate Dean, New 
York University Post-Graduate Medical School, 550 First Avenue, New 
York 16, N. Y. 


ate 
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Postgraduate Course on Pediatric Endocrinology 
and Genetics 


A postgraduate course on Pediatric Endocrinology and Genetics spon- 
sored by the American Academy of Pediatrics will be given by the State 
University of New York at the Upstate Medical Center (Syracuse) on 
November 9, 10 and 11, 1960. The course will be under the direction of Dr. 
Lytt Gardner and will include as guest speakers, Dr. Robert Klein, Dr. 
Claude Migeon and Dr. Edna Sobel. For registration information, write 
American Academy of Pediatrics, 1801 Hinman Avenue, Evanston, IlIli- 
nois. Tuition: Fellows, $40.00; Nonmembers, $60.00. Registration is 
limited. 


Teratology Society 


For several years scientists interested in basic problems of congenital 
malformations have held informal conferences in which questions of com- 
_mon interest were discussed. Anatomists, biochemists, embryologists, 
geneticists, obstetricians, pathologists, pediatricians, plastic surgeons and 
others attended these conferences which were in part supported by the 
Association for the Aid of Crippled Children, New York, N. Y., and the 
Human Embryology and Development Study Section of the National In- 
stitutes of Health. With the increased interest in recent years in this area, 
it was felt that there was a need for a Society to hold regular meetings in 
which investigations concerned with etiology and morphogenesis of con- 
genital malformations could be presented and discussed. Following the 
fourth teratology conference, which was held at the Memorial Sloan-Ket- 
tering Cancer Center in New York City and attended by 76 scientists from 
Canada, England, France, Germany and the U.S.A., ‘The Teratology 
Society” was formed for the purposes outlined above. Josef Warkany, 
M.D., Cincinnati, Ohio, was elected President and James G. Wilson, Ph.D., 
Gainesville, Fla., President-Elect. The National Foundation assisted in 
the formation of the Society with advice and financial aid. Inquiries about 
The Teratology Society should be directed to the Secretary-Treasurer, Dr. 
Marjorie M. Nelson, Department of Anatomy; School of Medicine, Uni- 
versity of California, San Francisco 22, California. 


Training Program for Endocrinology 


The University of. Wisconsin Graduate School at Madison announces a 
postdoctoral training program in endocrinology beginning July 1, 1960. 
Its purpose is to increase the qualified personnel for teaching and carrying 


1202 BOOK REGISTER Volume 20 


on research in endocrinology. Breadth of training will be emphasized. The 

integrated program includes laboratory research, seminars, colloquia, work | 
shops, and teaching under the coordinated auspices of faculty members 

from the colleges of Letters and Science, Medicine and Agriculture. Candi- 

dates for postdoctoral fellowships (M.D. or Ph.D.) will be selected on the 

basis of professional promise and career interest. Appointments will carry 

a yearly stipend of $6500. Applicants may apply any time after July 1, 

1960. Send inquiries and requests for applications to: Dr. W. H. McShan, 

Birge Hall, University of Wisconsin, Madison 6, Wisconsin. 


Urology Award 


The American Urological Association offers an annual award of $1000 
(first prize $500, second prize $300, and third prize $200) for essays on the 
result of some clinical or laboratory research in urology. Competition is 
limited to urologists who have been graduated not more than ten years and 
to internes and residents doing research work in urology. The first-prize 
essay will appear on the program of the forthcoming meeting of the Ameri- 
can Urological Association, to be held at the Hotel Biltmore, Los Angeles, 
California, May 22-25, 1961. For full particulars write the Executive Sec- 
retary, William P. Didusch, 1120 North Charles Street, Baltimore, Mary- 
land. Essays must be in his hands before December 1, 1960. 


Book Register 


Biological Organisation, Cellular and Sub-cellular. Proceedings of a Symposium organised 
on behalf of UNESCO by C. H. Wappineron, held at the University of 
Edinburgh, Scotland, September 1957. Twenty-nine participants discussed the 
problem of organisation and how it could arise from an unorganised beginning. 
The framework of the discussions cover: 1) Delimitation of.the Subject, 2) Or- 
ganisation within the Chromosome, 3) Visible Evidences of Gene Action, 4) 
Activities of the Nucleus and Traffic from it to the Cytoplasm, 5) Cytoplasmic 
Structures and Activities and Their Influence on the Nucleus, 6) The Organisa- 
tion of Cell Division, 7) The Cell as an Organised Chemical Kinetic System, 8) 
Tissue Interactions; Embryonic Induction, and 9) The Organisation of Cells 
into Tissues; 328 pages; illustrated; 1959. Pergamon Press Inc., 122 East 55th 

Street, New York 22, N. Y. Price $12.50. — 

Die Neuroendokrine Steuerung der Adaptationstdtigkeit. By Pror. Dr. K. LissAk AND 
Dr. E. Enproéz1, Physiological Institute of the University of Pécs. (In 
German.) Various aspects of the complex neuroendocrine mechanisms are dis- 
cussed, including the hypophyseal-adrenocortical system, its regulation 
through the diencephalon, mesencephalon, archicortex and the orbitofrontal 
cortex of the brain, and its role in nervous and emotional reactions; 172 pages; 
45 illustrations; 13 tables; 1960. Publishing House of the Hungarian Academy 
of Sciences, Budapest 5, Hungary. 


: 
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Disease and the Advancement of Basic Science. Edited by Henry L. BeEecuEr, Professor 
of Research in Anaesthesia, Harvard University, Anaesthetist-in-Chief, Massa- 
chusetts General Hospital, Boston, Mass. Twenty-one distinguished scientists 
and physicians discuss the proposition that some kinds of fundamental advance 
in science can be made only from the study of disease. The field of the endo- 
crines offers one of the clearest examples. There are chapters on molecular 
structure, biochemical genetics, deformities, carbohydrate metabolism, nutri- 
tion, fat synthesis, viruses, homeostatic forces, anemia, cardiovascular condi- 
tions, rheumatic diseases, cancer, pain, the nervous system, deafness, the mind 
and nervous function, advances in basic science, surgery and science, the 
endocrines, and medical utopias, written from the point of view that under- 
standing of the abnormal heightens understanding of the normal; 416 pages; 
illustrated; 1960. Harvard University Press, Cambridge 38, Massachusetts. 
Price $12.50. 

Fermente, Hormone, Vitamine und die Beziehungen dieser Wirkstoffe zueinander. Ed. 3. 
By Pror. Dr. Ropert Ammon, Physiologisch-Chemisches Institut der Uni- 
versitait des Saarlandes, Homburg/Saar and Pror. Dr. WILHELM D1RSCHERL, 
Physiologisch-Chemisches Institut der Universitit, Bonn/Rhein. Band II. 
Hormone. (In German.) Ed. by I. ABetin, R. Ammon, J. Comsa, W. DrrscuERrL, 
F. Hotrz, P. Hourz, A. Jost, G. Kotter, H. Nowaxowsk1, R. Pout, W. Pon- 
soup, C. Tamm, F. VerzAr Anp H. E. Voss. This volume has been brought up 
to date and contains chapters on hormones in general, with special descriptions 
of the nature and action of insulin, glucagon, the thyroid and parathyroid 
hormones, the sexual hormones (including their interrelations and their effects 
on the embryo) progesterone, relaxin, the adrenal hormones (cortex and 
medulla), the various hypophyseal hormones (including gonadotropins, luteo- 
tropin, thyrotropin, growth hormone and ACTH), the melanophore-stimulating 
hormone, the neurohypophyseal hormones (oxytocin and vasopressin), hor- 
mones of the intestinal tract, thymus hormone, tissue hormones and phyto- 
hormones. There are sections on the action of compounds of doubtful hor- 
monal character; on the secretion and regulation of hormones in invertebrate 
animals; and on the action of vitamines and hormones in plants and micro- 
organisms. In dealing with each hcrmone, the physiologic action is shown in 
its relationship to clinical manifestations and therapy; many references; 897 
pages; 144 illustrations, 88 tables; 1960. Georg Thieme Verlag, Stuttgart, 
Germany. Price DM 148, subscription price DM 125.80. Intercontinental 
Medical Book Corporation, New York 16, N. Y. Price $35.25. Subscription 
price, $29.95. 

Highlights of Progress in Mental Health Research 1959. Items of interest on the program 
of developments and research studies conducted and supported by the National 

_ Institute of Mental Health, prepared by the Publications and Reports Section, 
NIMH, January 1960; 51 pages. For sale by the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. Price 25 cents. 

I.C.R.S. Medical Reports. Numbers 4-8. Distributed under an arrangement with the 
Institute of Contemporary Russian Studies, Fordham University, under which 
the Russian Scientific Translation Program (NIH) will provide, without charge, 
copies of these reports to persons and organizations currently on the Program’s 
mailing list. The subjects covered in these issues include Soviet medical in- 
dustry, hematology, nutrition, medical radiology, hygiene, sanitation, new 
drugs, improved techniques, radiation sickness, general biology, research 
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planning, the endocrine system, radiobiology, neurophysiology, laboratory 
methods, and congresses and meetings; 1959. Available at the Institute of Con- 
temporary Russian Studies, Fordham University, New York 58, N. Y. Price 
$1.00 per copy. Subscription price in U.S.A., $10.00 per year. 

L’ Aldosterone. By T. Dt Perri, G. Ravennt anp M. Ruseent, with a foreword by 
Pror. Franco Lenzi, Direttore dell Instituto di Semeiotica Medica dell’ Uni- 
versita di Siena. (In Italian.) The chapters cover the subjects of biosynthesis, 
site of production, purification, dosage, biologic action, relation to electrolyte 
metabolism and renal function, endocrinologic and other influences on the 
secretion of aldosterone, regulation of secretion, primary and secondary clinical 
syndromes, aldosterone in pregnancy, and in relation to surgical trauma, and 
hypertension, use in therapeutics, and the treatment of hypo- and hyper- 
aldosteronism; 286 pages; 18 figures; extensive bibliography; 1960. Minerva 
Medica, Corso Bramante 83, Torino, Italy. Price, L.5000. 

Le Traitement par la Vitamine A de l’Avortement a Répétition. By O. RovusaNsky. 
A treatise (in French) on the ‘Maladie des Smith’”—repeated abortion—and 
its treatment with vitamin A, from the aspect of a vegetative cycle in human 
physiology; 84 pages; 1959. L’Expansion Scientifique Francaise, Paris VI, 
France. Price 750 franes. 

Praktische Endocrinologie. By Pror. Dr. A. Jones, Director of II Medical University 
Clinic and Policlinic, Hamburg-Eppendorf, Germany, anp Pror. Dr. H. 
NowakowskI, Oberarzt (same clinic). A book for the general practitioner. 
(In German.) The chapters deal with diseases of the hypophyseal-hypothalamic 
system, the thyroid, the parathyroids, the pancreas-insulin system, the 
adrenals, intersexuality, the testes, and the ovaries; pubertas praecox; growth 
and puberty; the carcinoid syndrome; cortisone therapy of nonendocrine 
diseases; endocrine management of mammary and prostatic carcinoma; labora- 
tory findings; and a description of hormone preparations with dosages; 312 
pages; 51 illustrations; 1960. Georg Thieme Verlag, Stuttgart, Germany; and 
Intercontinental Medical Book Corporation, New York 16, N. Y. Price 
DM 49.50 or $11.80. ; 

Scientific Papers and Discussions. Edited by J. 8S. Gorriins, M.D. anp G. Tourney, 
M.D. Proceedings of the Divisional Meeting, Midwest Area District Branches, 
American Psychiatrie Association, Detroit, Michigan, October 29-31, 1959. 
The theme was ‘“‘New Horizons in Psychiatry.”’ The Round Table Meeting in- 
cluded the subjects of the psychiatristand the school, administrative psychiatry, 
private practice, and community psychiatry. The Scientific Papers and Dis- 
cussions dealt with follow-up studies; research in psychotherapy; psycho- 
analytic, psychopharmacologic and psychosomatic studies; research in schizo- 
phrenia; and psychiatry in space flight. Governor Williams spoke on “The 
Role of Government in Mental Health.’’ This volume (328 pages published in 
1960) may be obtained from the American Psychiatric Association, 1700 
Eighteenth Street, N.W., Washington 9, D.C. Price $3.00. 

Significant Trends in Medical Research. The Proceedings of the Ciba Foundation’s Tenth 
Anniversary Symposium, edited by G. E. W. WotstenHoLME, O.B.E., C. M. 
O’Connor, B.Sc. and M. O’Connor, B.A. The participants, seven of whom are 
Nobel laureates, were asked to choose those developments in the past ten 
years which would prove most significant in the next ten years. The subjects 
include: Molecular Structure in Relation to Biology and Medicine; Fluori- 
metric Studies on Pyridine-Nucleotide Enzyme Complexes; Chemical Basis 
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of Virus Multiplication; Population Dynamics of Body Cells; Genetics and 
Medicine; Ten Years of General Neurophysiology; The Nature and Mech- 
anism of Action of Hormones; Metabolic Problems Involving the Pancreas, 
Choline, Insulin and Glucagon; Research in Chronic Pulmonary Disease; 
Malignant Transformation, Its Mechanisms and Nature; Research in Clinical 
Nutrition; The Quantitative Approach to Disease, Exemplified by Essential 
Hypertension; and Factors Influencing the Substance and Dimension of Medi- 
cal Research in the United States; 356 pages; 41 illustrations; 1959. Little, 
Brown and Company, Boston, Mass. Price $9.50. 

Special Number on Corticosteroids. The Journal of The Egyptian Society of Endocrinology 
and Metabolism, Vol. 5, December 1959. (In English.) Delivered at Ciba 
Scientific Office, Cairo. The contents include short review papers on various 
aspects of adrenocortical steroids; 98 pages; 1959. Dar El-Hikma, 42 Kasr el- 
Aini St., Cairo. 

Symposium on Salt and Water Metabolism. Edited by P. Fisuman, M.D. for the 
New York Heart Association. The Symposium was held December 11-12, 
1959 in New York City and was originally published as a supplement of 
“Circulation,” Volume 21, May 1960. The sections are as follows: I. Theory of 
Solutions. II. Interrenal Sites of Salt and Water Exchange. III. Lessons from 
Comparative Biology. IV. Extrarenal Regulation of Salt and Water Metabo- 
lism. V. Extrarenal Regulation of Salt and Water Exchange; 256 pages; 
numerous illustrations; 1960. Available, postpaid, from the New York Heart 
Association, Inc., 10 Columbus Circle, New York 19, N. Y. Price $2.00. 

The Lifespan of Animals. Volume 5 of Ciba Foundation Colloquia on Ageing, edited by 
G. E. W. WoustennHoLME, O.B.E. and M. O’Connor, B.A. The Proceedings 
of the Fifth Colloquium are presented, along with a Cumulative Index to 
Volumes 1-5. Among the topics are: Actuarial Aspects of Human Lifespan, 
Parental Age Effects on Man, Studies on the Longevity and Mortality of 
English Thoroughbred Horses, Relation of Lifespan to Brain Weight and 
Body Weight in Mammals, Longevity of Fishes in Captivity, Onset of Disease 
and the Longevity of Rat and Man, Arteriosclerosis in Birds, Factors Influ- 
encing the Lifespan of Bees, and The Biology of Aging in Insects; 324 pages; 58 
illustrations; 1959. Little, Brown and Company, Boston, Mass. Price $9.50. 

The Origin of Life on the Earth. International Union of Biochemistry Symposium Series, 
Vol. 1, Edited for the Academy of Sciences of the U.S.S.R. by A. I. Oparin, 
A. G. Pasynsku, A. E. BRAUNSHTEIN AND T. E. PavLovskaya. Edited for the 
International Union of Biochemistry by F. Cirark anp R. L. M. Synae. 
(Mostly in English.) Following up the initiative of the International Union 
of Biochemistry, the Academy of Sciences of the U.S.S.R. organized a Sym- 
posium on the Origin of Life on Earth, which was held in Moscow in August 
1957. More than forty scientists, representing sixteen countries, took a personal 7 
part in its work and many others who could not attend sent papers; many 
Soviet scientists participated. The problem of the origin of life involves study 
of the development of the matter which preceded life. The subject is treated 
under 5 headings: 1) Primary Formation of Primitive Organic Compounds on 
the Earth, 2) The Transformation of Primary Organic Compounds on the Earth 
3) The Origin of Proteins, Nucleoproteins and Enzymes, 4) The Origin of 
Structure and Metabolism, and 5) The Evolution of Metabolism. In the 7 
sessions, the contributions were classified as Reports, Communications and 
Discussion. The book contains an authoritative outline of ideas and contro- 
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versies regarding the origin of life and will be of permanent historic value; 700 
pages; numerous illustrations; 1959. Pergamon Press Inc., 122 East 55th Street, 
New York 22, N. Y. Price $15.00. 

The Thyroid Gland. British Medical Bulletin, Volume 16, No. 2. This Symposium deals 
with the most striking advances in this field during the past ten years. There 
are fifteen papers by leading British authorities conducting original work. The 
subjects include, deafness and thyroid dysfunction, types of thyroid growth, 
genesis of the thyroid nodule, radioiodine in diagnosis, sporadic goitrous 
cretinism, biosynthesis of thyroid hormones, the central nervous system and 
the thyroid, thyroid-stimulating hormone, naturally occurring goitrogens, 
plasma lipids, transport of thyroid hormones, genetic factors in thyroid disease, 
thyroid auto-immunity, the thyroid hormone in pregnancy, and the hypo- 
thalamus in relation to the thyroid. British Medical Bulletin, 65 Davies Street, 
London. Price $3.25. 

The Thyroid-Vitamin Approach to Cholesterol Atheromatosis and Chronic Disease. A Ten- 
Year Study. By Murray Isrart, M.D. with a foreword by Henry L. RusseEx, 
M.D. There are chapters on thyroid therapy and oxidative metabolism, lipoid 
metabolism, thyroid-vitamin treatment, therapeutic results in arteriosclerosis 
and chronic illness, objective criteria (plasma cholesteroi and PBI levels), and 
other therapeutic considerations; 132 pages; paper; 1960. Vascular Research 
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